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WORKING  CHILLED  IRON. 


TURNING  CHILLED  ROLLS. 


PARALLEL  ROLLS. 

1.  General  Consideration. — In  working  chilled  iron, 
good  results  are  only  possible  from  good  castings;  it  is 
necessary,  therefore,  to  see  that  the  castings  are  free  from 
cracks,  blowholes,  and  dirt,  and  that  the  chill  is  deep  enough 
so  that  the  metal  turned  off  will  be  of  even  hardness.  In 
turning  any  chilled-iron  rolls  it  is  necessary  to  employ 
special  lathes,  and  a  few  general  rules  must  be  observed  in 
order  that  the  work  may  be  successful:  First,  the  cutting 
speed  must  be  so  slow  that  the  tool  will  hold  its  edge  until 
it  has  done  a  reasonable  amount  of  work;  second,  the  tools 
and  machine  must  be  of  very  rigid  construction  and  have  a 
large  amount  of  power,  as  the  working  of  chilled  iron  pro- 
duces severe  strains  on  the  machine;  third,  the  tool  steel 
employed  must  be  a  high-carbon  steel  tempered  as  hard  as 
fire  and  salt  water  can  make  it ;  fourth,  the  operator  must 
be  patient  and  be  content  to  turn  off  fine  chips  that  very 
much  resemble  gray  hair. 

2.  Latbes  for  Turning  Parallel  Rolls. — Rolls  for 
flouring  mills,  calendering  rolls  for  paper  mills,  and  rolls  for 
similar  purposes,  in  which  a  broad  flat  surface  is  required, 
are  frequently  turned  in  a  special  type  of  lathe,  the  roll 
being  cast  as  a  hollow  cylinder  chilled  on  the  outside.     This 
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cylinder  is  turned  in  the  lathe  and  the  ends  cut  off,  after 
which  it  is  bored  and  fitted  on  a  center  carrying  the  neces- 
sary shaft  and  journals.  Then,  in  the  case  of  fiouring-mill 
and  calender  rolls,  it  is  ground  to  a  perfect  finish  while  run- 
ning on  its  own  bearings.  Fig.  1  illustrates  a  common  type  of 
roll-turning  lathe  with  the  roll  in  place.  In  this  style,  both 
spindles  are  made  hollow  and  the  roll  is  introduced  through 
the  spindles  and  held  by  setscrews  b  passing  through  the 
collars  a.  In  the  style  of  lathe  shown,  both  spindles  are 
fitted  with  gears,  and  the  roll  is  driven  from  both  ends,  thus 
relieving  the  strain  on  the  lathe. 

It  will  be  noticed  that  this  style  of  lathe  is  not  provided 
with  a  carriage  having  a  feed  parallel  to  the  length  of  the 
lathe,  but  simply  with  a  broad  tool  post  d  fitted  upon  a 
cross-slide  c  that  can  be  fed  along  the  ways  e  by  means  of 
the  feed-screw  f.  A  set  of  gearing  designed  to  give  the 
proper  speed  reduction  is  placed  on  the  end  of  the  lathe  aty. 

3.  Lathes  driven  from  one  end  only  are  also  made  for 
this  work;  in  this  case,  the  tailstock  end  of  the  lathe  is  made 
with  a  hollow  spindle  through  which  the  roll  can  be  intro- 
duced. Some  classes  of  rolls  have  narrow  necks  cast  on 
them,  and  in  this  case  the  rolls  are  held  during  turning  in 
bearings  fitting  on  the  necks  in  the  same  manner  that  the 
rolling-mill  rolls  are  turned.  This  will  be  taken  up  in  con- 
nection with  the  description  of  the  turning  of  rolling-mill 
rolls. 

4.  Holdinf^  and  Drlvinf^  the  'Work. — Ordinarily,  in 
turning  10-  or  12-inch  rolls  that  are  to  be  bored  and  mounted 
subsequently,  the  roll  is  held  by  means  of  eight  setscrews  at 
each  end,  these  setscrews  also  acting  as  drivers.  Fig.  2 
illustrates  the  general  method  of  driving.  In  Fig.  1  can 
be  seen  the  collar  a  through  which  the  setscrews  b  are 
passed  to  hold  the  work.  The  same  letters  have  been  used 
for  referring  to  these  parts  in  Fig.  2.  The  roll  r  is  centered 
and  held  by  means  of  the  setscrews  b.  This  method  of  ad- 
justing and  driving  the  roll  enables  the  workman  to  center 
the  chilled  part  very  carefully,  so  that  the  amount  of  turning 
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required  will  be  as  little  as  possible.     There  is  generally 
about  i  to  ^  inch  of  stock  to  be  turned  off  from  chilled 


Fig.  9. 

rolls,  and  as  the  turning  process  is  very  slow  it  is  important 
that  the  centering  be  done  accurately  and  carefully. 

5.  Turninu:  Tools.  —  The  tools  commonly  employed 
for  turning  parallel  rolls  are  flat  broad-nosed  or  wide-faced 
tools.  It  is  probable  that  ^'  X  5'  X  5'  is  about  an  average 
size  for  straight  work.  There  are  on  the  market  several 
brands  of  steel  made  especially  for  turning  rolls.  In  turning 
parallel  rolls  it  is  common  to  operate  two  tools  at  a  time, 
thus  turning  10  inches  of  the  face  of  the  roll.  At  first 
thought  it  might  seem  best  to  use  one  tool  10  inches  wide, 
but  it  is  difficult  to  harden  so  wide  a  tool  without  its  crack- 
ing; narrow  tools  are  far  less  liable  to  break,  and  on  the 
whole  there  is  greater  economy  of  steel  and  less  difficulty 
experienced  in  adjusting  tools  when  the  two  5-inch  tools  are 
employed  in  place  of  one  10-inch.  All  tools  for  turning 
chilled  iron  differ  radically  from  those  employed  on  softer 
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metals,  and  all  the  turning  is  of  the  nature  of  scraping,  the 
tools  being  given  but  little,  if  any,  clearance.  Tools  for 
turning  chilled  iron  are  never  fed  into  the  work  and  then 
traversed  along  the  machine,  as  is  done  with  softer  metals, 
but  are  fed  straight  up  to  their  cut,  whether  turning  a  par- 
allel face  of  a  roll  or  the  bottom  or  the  side  of  a  groove. 

6.  Grlndlas  Turalno:  Tools. — In  order  to  insure  a 
perfectly  straight  edge  on  the  tool,  it  should  be  ground  on 
a  grinding  machine  provided  with  a  ^ 

carriage  or  special  tool  holder,  T 
tool  is  hardened  as  hard  as  fire  and 
salt  water  can  make  it  and  then 
traversed  across  the  face  of  an  emery 
wheel  to  make  the  face  a  dot  the  tool 
concave,  as  shown  in  Fig.  3.  This 
leaves  two  sharp  corners  a  and  A. 
The  tool  is  first  set  to  use  one  corner;  when  this  becomes 
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dull  the  tool  is  turned  over  and  the  other  corner  utilized. 
Fig.  4  illustrates  a  wet-grinding  emery  wheel  fitted  with  a 
slide  a  upon  which  the  tool  can  be  clamped  at  d  and  fed  back 
and  forth  across  the  face  of  tiie  emery  wheel,  the  different 
adjustments  being  obtained  by  means  of  hand  wheels  c 
and  {/.  The  carriage  is  traversed  across  the  face  of  the 
emery  wheel  by  means  of  the  hand  wheel  r,  which  operates 
a  pinion  engaging  with  the  rack  /  on  the  bottom  of  the 
carriage  a.  By  means  of  such  a  device  as  this  the  tools  can 
be  accurately  and  quickly  ground. 

7.  Cutting-Off  Tools. — Special  cutting-off  tools  are 
employed  for  cutting  off  the  ends  of  the  chilled  iron  rolls 
after  the  bodies  have  been  turned  to  size.  Fig.  5  illustrates 
one  of  these  tools,  which  is  forged  from  i"  X  1^^  steel  and 
tempered  by  dipping  into  salt  water.  The  edge  of  this  tool 
is  about  II  inch  wide  and  the  corners  a  and^  are  cut  off  at 


Fig.  5. 

an  angle  of  45°,  as  shown.  Grinding  the  corners  in  this  man- 
ner prevents  the  breaking  of  the  sharp  corners  that  would 
otherwise  occur.  The  front  face  of  the  tool  is  given  a  very 
little  clearance,  as  shown  at  c.  This  rarely  if  ever  amounts 
to  more  than  5°.  This  form  of  cutting-off  tool  is  employed 
simply  for  cutting  through  the  chilled  iron.  After  the 
softer  iron  at  the  center  of  the  roll  has  been  encountered,  an 
ordinary  cutting-off  tool  may  be  substituted  for  the  special 
one  shown. 
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8.  Holding  the  Tools. — Owing  to  the  great  strain  to 
which  tools  employed  for  working  chilled  iron  are  subject,  it 
is  impossible  to  hold  them  in  any  ordinary  tool  post,  and, 
hence,  they  must  be  clamped  to  the  lathe  very  rigidly.  The 
ordinary  methods  for  holding  the  tools  for  turning  parallel 
rolls  are  clearly  shown  in  Figs.  1  and  2.  In  Fig.  2  the 
tool  c  is  set  on  the  carriage  A  and  clamped  down  by  means  of 
the  strap  i\  which  is  held  in  position  by  two  bolts  f.  The 
tool  is  forced  against  the  rolls  by  means  of  a  series  of  set- 
screws  ^.  Care  must  be  taken^o  see  that  the  front  face  of 
the  rest  is  close  to  the  roll,  as  shown  at  /.  The  closer  this 
rest  is  to  the  roll,  the  less  danger  there  will  be  of  breaking 
the  front  face  of  the  tool.  The  flat  tools  employed  for  this 
work  may  be  originally  \  in.  X  5  in.  X  5  in.,  but  they  are 
subsequently  ground  parallel  to  one  axis  only.  If  the  tool 
is  ground  on  one  face  only  but  two  cutting  edges  can  be 
obtained  from  one  grinding.  If  the  tool  is  ground  on  both 
edges,  as,  for  instance,/  and  k^  four  cutting  edges  will  be 
obtained.  When  these  have  been  dulled,  the  tool  is  ground 
again,  and  each  succeeding  grinding  makes  it  narrower. 
Tools  can  be  used  until  they  become  so  narrow  that  they  can 
no  longer  be  held  by  the  clamps  e.  In  Fig.  1,  the  clamps 
can  be  seen  at  g\  in  this  case  very  narrow  tools  are  being 
employed  and  packing  pieces  h  are  placed  behind  them  for  the 
setscrews  /  to  bear  against.  The  upper  edge  of  the  tool  r, 
Fig.  2,  is  set  \  inch  below  the  center  of  the  10-inch  roll. 
This,  together  with  the  concave  form  of  the  face,  will  give 
the  proper  amount  of  clearance.  In  setting  cutting-off 
tools,  they  are  clamped  by  means  of  one  or  more  clamps 
similar  to  ^,  Fig.  2,  and  the  back  end  of  the  tool  is  set 
against  a  setscrew  or  a  packing  piece  held  by  two  or  more 
setscrews.  In  the  case  of  cutting-off  tools,  it  is  necessary 
to  have  them  overhang  the  front  edge  of  the  rest  /,  Fig.  2, 
to  a  greater  extent  than  in  the  case  of  turning  tools,  and, 
consequently,  it  is  necessary  to  have  the  tool  deeper  from 
the  top  to  the  bottom,  so  that  it  may  be  stronger.  This  is 
why  the  cutting-off  tool  shown  in  Fig.  5  is  made  \\  inches 
deep,  and  as  the  top  face  d  comes  above  the  center  of  the 
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roll,  clearance  must  be  allowed  on  the  face  ^,  Fig.  5.  After 
the  tools  have  been  clamped  in. place  they  are  fed  to  the  work 
by  means  of  the  feed-screw  f^  Fig.  1,  and  are  kept  parallel 
with  the  face  of  the  work  by  adjusting  the  setscrews  i.  The 
shavings  resemble  very  fine  needles  or  gray  hair. 

9.  Cutting:  Speeds. — The  cutting  speed  depends  to 
some  extent  on  the  character  of  the  chilled  iron  being 
turned,  the  character  of  the  steel  employed,  and  the  number 
of  machines  run  by  one  man.  In  the  ca.se  of  job  work,  or 
where  one  man  has  to  give  all  his  time  to  a  single  machine, 
it  pays  to  run  at  a  comparatively  high  speed  and  sacrifice 
the  tools  more  rapidly,  thus  gaining  a  greater  showing  for 
the  man's  time;  but,  where  it  is  possibly  to  have  matters  so 
arranged  that  one  man  can  operate  five  or  six  roll-turning 
lathes,  a  speed  of  18  inches  per  minute  is  usually  considered 
best,  as  at  this  speed  the  tools  will  last  long  enough  to  do  a 
fair  amount  of  work,  and  as  they  remain  sharp  longer  they 
will  produce  a  better  surface.  By  running  a  number  of 
machines,  a  man  is  able  to  turn  out  a  good  day's  work.  In 
some  cases,  where  a  limited  amount  of  work  is  to  be  done 
and  time  is  an  important  factor,  work  is  run  as  rapidly  as 
3  feet  per  minute,  but  this  is  probably  the  maximum  speed 
at  which  good  work  can  be  done  on  chilled  iron. 

10.  Feed. — As  has  already  been  stated,  in  turning 
chilled  iron  a  tool  is  never  fed  along  the  length  of  the  work 
or  at  right  angles  to  the  face  being  turned;  consequently, 
the  motion  that  corresponds  to  a  feed  must  be  at  right 
angles  to  the  work.  When  turning  rolls,  the  feeding  is 
usually  done  by  hand  at  a  rate  that  rarely  if  ever  exceeds 
yJtt  inch  per  revolution.  A  portion  of  the  surface  of  the 
roll  corresponding  to  the  faces  of  the  tools  in  action  is  turned 
to  the  required  diameter;  the  tools  are  then  reset  at  another 
place  and  another  part  of  the  surface  equal  to  that  already 
turned  is  finished. 

11.  Ctittins  Off  the  Ends. — After  the  face  of  the 
roll  has  been  turned  to  the  correct  diameter,  it  is  cut  off  to 
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the  proper  length  by  means  of  cutting-off  tools.  The  roll 
is  never  entirely  cut  off  on  the  lathe,  but  is  cut  down  until 
it  has  a  narrow  neck  or,  in  case  the  roll  was  cast  hollow,  a 
shell  about  ^  inch  thick  about  the  core;  it  is  then  removed 
from  the  lathe  and  iron  wedges  driven  into  the  cut  made  by 
the  cutting-off  tool  to  force  the  end  off.  In  case  the  roll  is 
to  be  bored  out  and  mounted  on  a  bushing,  the  boring  is 
done  with  ordinary  tools  in  another  machine,  because  of  the 
fact  that  the  central  portion  is  soft. 


TURNING  ROLrLS  liV^ITH  CONCENTRIC 

GROOVES. 

12.  General  Consideration. — Rolling-mill  rolls  are 
practically  all  turned  with  concentric  grooves  or  with  con- 
centric rings  about  them,  these  rings  being  made  by  turning 
away  the  stock  between  so  as  to  leave  the  rings  projecting. 
Practically  all  rolling-mill  rolls  for  moderate-sized  work  are 
cast  in  a  parallel  chill  and  are  chilled  to  such  a  depth  that 
the  grooves  will  not  turn  through  into  the  soft  metal.  Roll- 
ing-mill rolls  may  be  divided  into  three  classes:  those  made 
of  chilled  iron,  called  chilled  rolls ;  those  made  simply  of 
hard  iron  cast  in  a  sand  mold,  called  sayid  rolls  ;  and  those 
made  of  a  mixture  of  cast  iron  and  steel,  called  semisteel 
rolls.  The  two  latter  classes  are  not  so  hard  as  the  chilled 
rolls,  and  are,  therefore,  turned  in  a  manner  more  nearly 
approaching  that  employed  in  the  turning  of  hard  castings. 
We  shall  here  deal  simply  with  the  turning  of  chilled-iron 
rolls. 

13.  Tlie  Lratlie. — The  exact  form  of  lathe  employed 
must  necessarily  depend  to  a  large  extent  on  the  size  of  the 
rolls  operated  on.  Fig.  6  illustrates  a  representative  type 
of  roll-turning  lathe.  It  will  be  noticed  that  the  lathe  is 
very  powerful,  and  is  provided  with  double  helical  gears,  so 
that  the  pull  may  be  constant  and  that  the  teeth  of  the 
gears  cannot  cause  hammering  or  backlash.     The  lathe  is 

5.  Vol.  U.-^e. 
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provided  with  a  short  carriage  a  for  turning  the  bearings  or 
for  other  similar  work  when  it  is  necessary  to  traverse  the 
carriage  along  the  bed.  The  lathe  is  also  provided  with  an 
ordinary  tailstock  b  having  a  conical  center  c.  This  is  em- 
ployed when  turning  work  between  centers.  The  lathe  is 
made  very  rigid  and  its  bed  is  firmly  bolted  to  the  founda- 
tion. The  supports  d  that  carry  the  tool  rest  ^,  together 
with  the  tool  rest,  are  made  very  rigid  and  massive,  so  that 
all  vibration  may  be  absorbed  and  there  may  be  no  lost 
motion  whatever. 

14,  Holding  the  Work. — When  the  casting  for  a  roll* 
first  comes  from  the  foundry,  it  usually  has  a  large  riser 
head  on  one  end  that  has  to  be  cut  off.  This  is  ordinarily 
done  in  a  regular  engine  lathe,  and  both  ends  of  the  roll 
shaft  are  triled  up  and  centered  in  the  lathe.  Care  must  be 
taken  to  true  the  roll  by  the  outside  of  the  chill,  so  that  dur- 
ing the  subsequent  turning  of  the  chilled  part  there  will  be 
the  least  possible  amount  of  stock  to  be  removed.  The 
surfaces  for  the  bearings  are  then  turned  with  the  roll  sup- 
ported on  ordinary  conical  centers  in  the  ends  of  the  roll 
shaft.  The  tailstock  b  and  center  r,  Fig.  6,  may  be  em- 
ployed for  this  purpose,  a  regular  center  being  introduced 
into  the  face  plate  y"  and  the  bearing  turned  by  means  of  a 
tool  or  tools  supported  on  a  carriage  a. 

15.  After  the  bearings  have  been  turned  either  in  the 
regular  turning  lathe  or  in  an  ordinary  engine  lathe,  the 
roll  is  mounted  in  special  housings,  as  shown  at  g  and  //. 
The  lower  half  of  the  bearing  g  is  supported  largely  on  the 
bridge  d  that  extends  ajcross  the  lathe  and  carries  the  tool 
rest  ^,  and  the  upper  half  of  the  bearing  //  is  made  adjust- 
able, one  end  of  it  being  secured  to  the  column  /  by  means 
of  suitable  keys  j  and  the  other  end  held  in  place  by  the 
bolt  k.  This  affords  ample  bearing  surface  for  the  support 
of  the  roll  during  turning  and  insures  the  turned  portion 
being  concentric  with  the  bearings.  The  roll  must  not  be 
rigidly  attached  to  the  face  plate/,  but  is  driven  by  means 
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of  a  universal  coupling  /.  Sometimes,  in  order  to  take  up 
any  end  motion  of  the  roll,  a  piece  is  placed  in  the  center  in 
the  end  ;;/  of  the  roll  and  the  other  end  of  the  piece  placed 
against  the  center  c,  thus  forcing  the  roll  toward  the  bear- 
ing^ and  taking  up  all  end  motion. 

16.  Turninu:  Tools. — The  turning  tools  employed  in 
turning  rolling-mill  rolls  do  not  differ  greatly  in  principle 
from  those  employed  in  turning  parallel  rolls;  but  in  most 
cases  the  amount  of  parallel  turning  is  considerably  less,  and 
cheaper  tools  can  be  used  for  the  purpose.  In  turning 
rolling-mill  rolls,  higher  and  stiffer  tools  must  be  used  for 
the  grooving  and  similar  work,  and  it  would  not  be  prac- 
ticable, therefore,  to  use  the  thin  tools  ordinarily  employed 
for  turning  the  surfaces  of  parallel  rolls,  as  the  cutting  edges 
would  be  so  far  below  the  center  of  the  roll  thafe  they  would 
have  an  excessive  amount  of  clearance  and  hence  become 
dull  very  quickly. 

17.  A  good  form  of  tool  employed  for  surfacing  rolling- 
mill  rolls  preparatory  to  grooving  them  is  shown  in  Fig.  7. 
This  consists  of  a  bar  of  steel  from  f  inch  to  1^  inches 
square  with  four  grooves  cut  the  entire  length  of  the  bar 
along  the  middle  of  each  face,  as  shown.  The  tool  is  hard- 
ened as  hard  as  fire  and  salt  water  will  make  it,  and  is  then 
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ground  flat  across  each  face,  thus  giving  four  cutting  edges, 
one  at  each  of  the  four  corners.  The  grooves  along  the 
sides  are  made  to  reduce  the  amount  of  grinding  necessary 
to  sharpen  the  corners.  Facing  tools  are  also  sometimes 
made  by  welding  a  piece  of  flat  steel  to  the  face  of  a  piece 
of  flat  iron  to  bring  the  thickness  up  to  an  inch  or  more, 
then  hardening  and  grinding  as  in  the  case  of  an  ordinary 
tool;    this  method  of   facing   cutters,   however,   is   not   as 
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advantageous  as  the  one  previously  given,  as  it  permits  of 
only  one  edge,  or,  at  the  most,  two  edges,  of  the  steel  being 
employed  as  cutting  edges. 

18.  Groovinu:  Tools. — For  all  grooves  having  a  circu- 
lar cross-section,  very  efficient  grooving  tools  may  be  made 
by  turning  up  short  cylinders  of  tool  steel  to  the  desired  diam- 
eter, hardening  them,  and  grinding  the  ends  true.  One  of 
these  tools  is  shown  in  Fig.  8.  When  it  is  desired  to  turn 
a  groove  to  roll  ovals,  one  of  these 
circular  tools  is  simply  sunk  into 
the  face  of  the  roll  a  short  dis- 
tance; when  it  is  desired  to  turn 
grooves  for  rolling  circular  rods, 
a  tool  of  the  proper  diameter  is 
sunk  into  the  roll  to  half  of  its  depth.  These  tools  are 
ground  on  both  ends  and  can  be  used  in  at  least  four  posi- 
tions before  they  require  regrinding;  i.  e.,  both  the  front 
and  the  back  edges  at  the  top  and  the  bottom  can  be  used. 

19.  For  turning  rectangular  grooves  whose  sides  are 
either  parallel  or  perpendicular  to  the  length  of  the  roll,  a 
plain  rectangular  tool  similar  to  a  cutting-off  tool  is  em- 
ployed, as  shown  in  Fig.  9.     These  tools,  when  narrow,  are 


Fig.  8. 


J 
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Fig.  10. 


made  wholly  of  steel ;  when  wide,  they  may  be  made  partially 
of  steel  and  partially  of  iron,  as  shown  in  Fig.  10.  Apiece  of 
wrought  iron  a  is  split  open  and  worked  out  on  the  end  to 
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receive  the  piece  of  steel  ^,  which  is  welded  into  the  wrought 
iron  and  hardened,  after  which  the  tool  is  ground  and  used 
as  though  it  were  a  solid  steel  tool. 


I 


I 


20.  For  turning  rectangular  or  other  polygonal  grooves 
in  which  some  of  the  faces  of  the  grooves  are  neither  par- 
allel nor  perpendicular  to  the  axis 
of  the  roll,  it  becomes  necessary 
to  employ  tools  having  special 
forms.  For  roughing  out  grooves 
for  rolling  squares,  a  tool  similar 
to  that  shown  in  Fig.  11  may  be 
employed,  this  tool  being  made  of 
a  wrought-iron  body  a  with  a  steel 
cutting  face  b.  It  will  also  be  no- 
ticed that  the  point  c  of  the  tool 

has  been  ground  off  to  reduce  the  liability  of  its  breaking. 
After  this  tool  has  been  sunk  into  the  groove  to  such  a  depth 
as  to  give  the  groove  approximately  its  right  width  at  the 
surface  of  the  roll,  another  tool  having  a  sharp  point  is 
introduced  to  remove  the  stock  left  by  the  point  c, 

21.  Sometimes  it  becomes  necessary  to  face  up  the  sides 
of  grooves,  in  which  case  a  tool  of  the  style  shown  in  Fig.  12 
may    be     employed. 
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This  tool  may  be 
made  of  solid  steel,  as 
shown  in  the  illustra- 
tion, or  may  be  made 
with  a  piece  of  steel 
welded  to  the  top, 
as  shown  in  Figs.  10 
and  11.  It  will  be 
noticed  that  the  cut- 
ting edges  a^  b,  and  c  are  all  given  clearance,  so  that  the  tool 
can  cut  before  itself,  or  to  the  right  or  the  left. 

In  turning  irregular  grooves,  it  is  frequently  necessary  to 
make  formed  cutting  tools.     They  may  be  made  from  solid 


Fig.  12. 
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steel  or  by  welding  steel  on  iron,  as  shown  in  Figs.  10  and  11, 
and  then  grinding  the  cutting  edge  to  the  desired  form. 
Sometimes  the  cutting  edge  is  formed  to  approximately  the 
desired  form  before  hardening  the  tool.  The  tool  is  then 
hardened  and  the  cutting  edge  ground  to  fit  a  templet  of 
the  desired  form. 

22.  Clamplnff  and  Holding  tlie  Tools. — The  tools 
employed  in  turning  rolling-mill  rolls  are  held  in  a  manner 
very  similar  to  those  employed  in  turning  parallel  rolls,  it 
always  being  necessary  to  clamp  the  tool  as  firmly  as  possi- 
ble. The  rest  ^of  the  lathe  shown  in  Fig.  6  is  provided  with 
two  T  slots  n  and  with  rectangular  holes  in  its  upper  surface, 
as  shown.  These  rectangular  holes  are  fitted  with  dogs  o 
and  /.  The  dogs  o  are  similar  to  the  ordinary  planer  plug, 
as  shown  in  Fig.  13;  the  shank  a  is  square  or  rectangular, 
depending  on  the  form  of  the  holes  in  the  rest  e.  Fig.  G.     In 
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Fig.  14. 


many  cases  these  holes  are  rectangular,  and,  consequently, 
the  point  a  is  rectangular.  The  point  b  of  the  setscrew  is 
brought  into  contact  with  the  tool  or  the  blocking.  The 
dog/,  Fig.  6,  is  of  the  general  form  shown  in  Fig.  14,  and  is 
arranged  to  fit  into  a  T  slot,  as  indicated  by  the  dotted  lines. 
The  lug  a  is  so  formed  that  the  dog  can  be  easily  removed 
from  the  T  slot  by  simply  lifting  up  on  the  head  of  the  set- 
screw  b,  and  when  the  point  c  of  the  setscrew  is  brought 
against  the  work,  it  will  cause  the  lug  a  to  take  hold  of  the 
T  slot  and  hold  the  work  firmly  in  place.     The  tools  are  held 
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from  behind  and  at  the  sides  by  means  of  the  dogs  shown 
in  Figs.  13  and  14,  and  are  held  down  by  means  of  the 
setscrew  or  setscrews  r  in  the  clamp  s  shown  in  Fig.  6. 

23.  When  tools  of  the  general  form  shown  in  Fig.  8, 
intended  for  turning  circular  grooves,  are  to  be  clamped, 
they  are  held  against  the  work  by  means  of  special  blocks 
provided  for  the  purpose,  as  shown  in  Fig.  15,  a  being  the 
block  and  b  the  cutting  tool.     A  setscrew  is  brought  to  bear 

against  the  end  e  of 
the  block  a  to  crowd 
the  edge  c  of  the  cut- 
ting tool  against  the 
work,  as  indicated  by 
the  dotted  lines  f  g. 
The  tool  rest  d  is  placed 
as  far  under  the  block  b 
as  possible,  and  in  some 
cases  no  clamp  is  placed 
on  top  of  the  block  b^ 
the  resistance  along  the 
edge  c  being  depend- 
ed on  to  hold  it  down 
against  the  rest  d  and 

in  the  slot  in  the  end  of  the  piece  a.     The  piece  a  is  held  by 

means  of  the  screw  r  in  the  clamp  s.  Fig.  6. 

24.  Allow^aoce  for  Hot  Iron.  —  In  turning  grooves 
for  rolling-mill  work,  it  is  necessary  to  make  the  grooves 
somewhat  larger  than  the  standard  bars  they  are  intended 
to  roll.  To  meet  these  requirements,  an  allowance  of 
■^^  inch  per  inch  is  usually  considered  sufficient.  For  in- 
stance, a  tool  to  cut  a  groove  for  rolling  a  1-inch  round  bar 
would  have  to  be  1^^  inch  in  diameter,  and  a  groove  for 
rolling  a  3^X  i'  flat  bar  would  have  to  be  3^  inches  wide, 
and  similar  allowances  would  be  required  for  all  shapes. 
All  the  tools  employed  in  roll  turning  may  be  finished  by 
grinding  after  tempering,  if  so  desired. 


Fig.  16. 
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GRINDING  CHILLED  ROLLS. 

25.  General  Consideration. — Chilled  rolls  intended 
for  use  in  flouring  mills,  calender  rolls  for  paper-making 
machinery,  and  rolls  for  rolling  some  classes  of  sheet  metal 
are  finished  by  grinding.  This  is  done  to  give  a  smooth 
surface  and  to  insure  the  roll  being  parallel  throughout  its 
length. 

26.  Grinding  Macliine.  —  A  machine  for  grinding 
flouring-mill  rolls  is  illustrated  in  Fig.  16.  The  roll  a  is 
mounted  in  bearings  b  so  that  it  is  rigidly  supported  and 
revolved  on  the  bearings  on  which  it  will  ultimately  work, 
thus  insuring  that  the  ground  surface  will  be  true  with  the 
bearings.  The  roll  must  be  driven  by  some  flexible  coupling 
so  as  to  allow  it  to  run  free  in  the  bearings  with  no  danger 
of  cramping  or  displacement.  This  is  accomplished  by 
means  of  the  universal  coupling  shown  at  c  and  the  driving 
rod  d.  This  driving  rod  d  extends  through  the  spindle  e  of 
the  grinding  machine  and  is  secured  by  means  of  a  universal 
joint  at  the  driving-wheel  end  of  the  spindle. 

The  grinding  is  done  by  means  of  two  emery  wheels 
mounted  on  opposite  sides  of  the  roll,  so  that  they  act  as  a 
pair  of  calipers,  the  roll  being  ground  between  them.  The 
emery  wheels  are  driven  by  belts  /",  /"  and  g^  g  and  are  ad- 
justed by  means  of  hand  wheels,  one  of  which  is  shown  at  //. 
The  emery  wheels  are  supported  on  a  carriage  /,  which  is 
traversed  backward  and  forward  on  the  bed  j  so  that  the 
wheels  pass  over  the  entire  length  of  the  roll.  The  roll  is 
revolved  by  means  of  the  belt  k  running  upon  a  large  band 
wheel  /  shown  at  the  end  of  the  machine,  and  the  machine 
is  arranged  with  suitable  mechanism  for  traversing  the  car- 
riage automatically,  the  length  of  the  traverse  being  ad- 
justed by  means  of  stops.  The  emery  wheels  are  mounted  as 
shown  in  detail  in  Fig.  17.  The  emery  wheel  a  is  supported 
on  a  spindle  b  provided  with  conical  ends  ^,  c.  These  conical 
ends  are  carried  in  Babbitt  bearings  d,  d.  Mounted  on  the 
spindle  b  are  two  pulleys  e,  e  on  which  the  driving  belts  run. 
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The  emery  wheel  is  surrounded  by  a  suitable  hood  f.  The 
Babbitt  bearings  d  are  turned  on  the  outside  to  fit  bearings 
in  the  frame,  as  shown  at  g,  g,  and  the  adjustment  in  the 


direction  of  the  length  of  the  spindle  is  controlled  by  means 
of  the  yokes  k,  h  secured  by  studs  as  shown.  By  properly 
adjusting  the  bearings  d,  all  end  motion  and  play  in  the 
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emery-wheel  spindle  can  easily  be  taken  up.  In  grinding 
chilled  rolls,  it  is  necessary  lo  be  very  careful  about  the 
adjustments  of  the  emery  wheel  in  order  to  be  sure  that 
there  is  no  lost  motion.  The  clamp  yoke  h  in  Fig.  17 
is  shown  at  in.  Pig.  16,  and  the  end  of  the  Babbitt  bear- 
ing is  also  shown  at  n,  while  the  guard  for  the  emery  wheel 
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is  shown  at  o.  Rolls  of  larger  diameter,  such  as  large 
calender  rolls,  etc.,  are  frequently  ground  on  heavy  machines 
especially  manufactured  for  this  purpose  and  so  arranged 
that  the  emery  wheels  are  placed  in  a  swinging  frame 
that  constantly  calipers  the  rolls.  This  is  known  as  the 
J.  Morton  Poole  grinding  machine,  which  is  described  in 
Grinding. 

27.  Grinding;  Rolls. —  For  12-inch  rolls,  the  emery 
wheel  should  be  14  inches  in  diameter.  One  firm  manufac- 
turing a  great  many  flouring-mill  rolls  employs  a  No.  3 
grade,  grain  80,  carborundum  wheel,  though  any  wheel  of 
corresponding  grade  and  grain  may  be  employed.  If  the 
14-inch  wheel  is  employed,  it  should  be  given  about  1,000 
revolutions  per  minute,  and  a  12-inch  roll  should  be  given 
about  30  revolutions  per  minute. 

There  must  be  plenty  of  soda  water  running  on  the  wheels 
and  the  rolls  during  grinding,  to  keep  the  roll  cool  and  to 
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carry  off  the  dust.  The  operator  adjusts  the  bearings  b. 
Fig.  16,  until  the  roll  is  in  perfect  alinement  with  the 
travel  of  the  carriage  (',  and  next  adjusts  the  emery  wheels 
to  take  equal  cuts.  The  emery  wheels  are  moved  up  by 
hand  as  the  roll  is  gradually  reduced  until  the  desired  size 
is  obtained. 


28.  Testlae  Rolls. — If  the  rolls  are  properly  ground 
they  should  fit  perfectly,  and  in  order  to  test  them  an  _ 
arrangement  similar  to  that 
shown  in  Fig.  18  is  employed. 
A  small  carriage  a  is  provided 
with  carefully  planed  paral- 
lels b  and  c.  Two  rolls  are 
laid  on  these  parallels,  as  shown 
at  d  and  e.  The  hosey  is  con- 
/  nected  to  a  gas  fixture  and  a 
series  of  gas  burners  are  ar- 
ranged on  the  pipe  g  so  that 
-  theyfurnishabright  light  back 
of  the  joint  between  the  rolls'. 
If  the  work  has  been  properly 
done,  no  light  whatever  can  be 
they  rest  on  each  other  and  on  the 
parallels.  This  gives  an  extremely  delicate  test  of  the 
accuracy  of  the  workmanship  on  the  rolls. 


Pio.  IS. 
seen  between  the 
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CORRUGATING   ROLLS. 
29.     General  Consideration. — Some  of  the  roils  em- 
ployed in  flouring  mills  have  to  be  corrugated  after  they  are 
turned  and  ground.     The  corrugations  are  shallow  grooves 
planed  in  the  face  of  the  rolls;  they  are  not  parallel  to  the 
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length  of  the  roll,  but  have  a  slight  spiral.  These  grooves 
are  found  necessary  in  certain  classes  of  grinding  rolis,  not 
only  to  cause  material  to  feed  properly,  but  to  produce  the 
desired  result  upon  the  material  being  ground. 

30<  Corrueatlns  Machine. — The  machine  employed 
for  corrugating  rolls  is  similar  to  a  planing  machine.  One 
type  of  this  class  of  machine  is  illustrated  in  Fig.  19,  in 
which  a  is  the  roll  being  grooved.  The  weight  of  the  roll 
is  carried  on  suitable  bearings  b.  The  tailstock  c  is  provided 
with  a  center  that  takes  up  any  longitudinal  movement  of 


the  roll,  and  the  headstock  d  is  provided  with  the  necessary 
mechanism  for  rotating  the  roll  through  the  proper  angle 
to  give  the  desired  spiral.  In  the  type  of  machine  shown  this 
is  accomplished  by  means  of  a  worm-wheel  e  and  a  wormy. 
The  worm  is  made  long  so  that  it  serves  as  a  rack.  It  is 
controlled  by  the  slide  jf  traveling  in  the  slot  h.  This  slide 
carries  the  worm  across  the  grooving  machine  as  the  roll 
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advances,  and  so  rotates  the  worm-wheel  e  through  a  por- 
tion of  a  revolution  during  each  stroke  of  the  machine. 
The  proper  number  of  divisions  or  teeth  are  obtained  by 
means  of  an  automatic  spacing  device  shown  at  the  left- 
hand  end  of  the  worm-shaft  i.  This  spacing  device  gives 
the  shaft  i  a  portion  of  a  revolution  after  each  stroke  of 
the  machine,  thus  advancing  the  cutting  tool  to  the  next 
groove. 

31.     Grooving:  the  Rolls. — In  grooving  rolls,  a  wide 
tool  similar  to  that  shown  in  Fig.  20  is  employed.     This 

tool  is  made  of  i'  x  1^  steel.  The 
tool  is  milled  on  the  end  with  the 
kind  of  corrugation  wanted,  after 
which  it  is  hardened.  The  tool  is 
so  set  in  the  machine  that  it  starts 
to  cut  on  one  side  and  each  suc- 
ceeding tooth  takes  a  deeper  cut, 
until  the  last  one  finishes  the  cut 
to  the  required  depth.  This  rule 
holds  good  if  the  corrugations  are 
not  so  large  that  considerable 
metal  must  be  removed.     In  such 

fir*    ^) 

cases  it  may  be  necessary  to  go 
around  the  roll  twice  to  finish  the  grooves.  In  ordinary 
practice  it  is  not  possible  to  take  a  cut  of  over  xHjf  i^^^ 
in  planing  chilled  iron,  and,  unless  wide  tools  with  a  num- 
ber of  teeth  are  employed,  it  will  take  a  very  long  time  to  do 
the  grooving.  In  Fig.  20  the  curved  line  a  b  represents  the 
circumference  of  the  roll,  and  it  will  be  seen  that  each  suc- 
ceeding tooth  takes  a  slightly  deeper  cut  than  the  preceding, 
the  tooth  c  finishing  the  groove.  In  grooving  rolls,  a  speed 
of  approximately  24  inches  per  minute  is  usually  employed, 
and  in  some  cases  a  speed  slightly  above  this.  One  reason 
why  a  slightly  higher  speed  can  be  employed  in  grooving 
than  in  turning  rolls  is  to  be  found  in  the  fact  that  the 
grooving  tool  is  cutting  during  only  a  portion  of  the  time, 
while  the  turning  tool  is  under  a  constant  strain. 
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PLANING  CHILLED-IRON  DIES. 

32.  General  Consideration. — It  is  frequently  neces- 
sary to  plane  chilled-iron  dies  for  pressed-brick  machines, 
swage  or  anvil  blocks,  drop-ham- 
mer dies,  and  similar  purposes. 
This  work  may  be  accomplished 
by  making  the  speed  of  the  planer 
sufficiently  slow  and  the  tools 
sufficiently  rigid.  In  some  cases, 
dies  are  planed  by  feeding  a  broad,  square-nosed  planing 
tool  directly  down  on  the  face  of  the  die,  a  slight  amount  of 
feed  being  given  after  each  cut.  When  the  width  of  the 
tool  has  been  finished,  it  is  moved  along  and  a  correspond- 
ing cut  taken  down  to  the  proper  depth.  This  method  of 
procedure  is  exactly  like  that  employed  in  turning  chilled 
rolls.  In  other  cases  a  fairly  broad-nosed  planing  tool  is 
adjusted  so  that  it  will  act  both  as  a  roughing  and  a  finish- 
ing tool  and  is  given  a  slight  feed  across  the  planer  after 
each  cut,  the  cutting  edge  of  the  tool  being  of  the  general 
form  shown  somewhat  exaggerated  in  Fig.  21;  the  por- 
tion ad  is  parallel  to  the  surface  of  the  wofk  to  be  planed, 
and  the  portion  ac  is  inclined  so  that  it  will  act  as  a  rough- 
ing tool  to  prepare  the  surface  for  the  finishing  cut.  Such  a 
tool  as  this  is  given  a  very  slight  clearance.  It  is  possible 
to  follow  this  practice  of  feeding  sidewise  in  planing  where 
it  would  not  be  possible  to  do  so  in  lathe  work,  on  account 
of  the  fact  that  all  the  feed  occurs  at  the  end  of  the  stroke 
before  the  tool  begins  to  cut,  while  in  lathe  work  it  is  neces- 
sary to  feed  the  tool  sidewise  during  the  cut. 
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WORK  OF  THE  PLANER. 


THE  MACHINE. 

!•  Action  of  the  Planer. — The  natural  function  of  the 
planer  is  to  produce  a  flat  surface.  This  is  accomplished  by 
causing  the  work,  which  is  fastened  to  a  table  that  has  a 
reciprocating  motion,  to  pass  back  and  forth  under  a  cut- 
ting tool;  the  tool  is  fed  across  the  work  at  right  angles  to 
the  line  of  motion  of  the  table. 

2.  Names  of  Parts. — A  standard  type  of  a  modern 
planer  is  shown  in  Fig.  1.  This  machine  consists  of  a 
platen  a^  which  slides  in  V-shaped  guides  on  top  of  the 
bed  g.  Heavy  bousinss  d,  b  are  securely  bolted  to  the 
bed,  the  movable  cross-rail  c  being  bolted  to  the  front 
face  of  the  housings.  The  cross-rail  carries  one  or  more 
saddles  rf,  d  (two  in  this  case) ;  these  saddles  have  the 
planer  beads  ^,  ^attached  to  them.  Each  head  has  a  slide 
that  is  operated  by  the  doi^vn-feed  handle  f.  For  holding 
the  tool,  each  head  is  provided  with  suitable  tool  clamps, 
2iSg^g.     The  saddles  can  be  moved  along  the  cross-rail  by 
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means  of   feed-screws !   for  (ceding  by  hand  each  feed- 
screw has  a  feed-scre'w  handle  h.     The  platen  is  driven 


by  gearing  operated  by  lirlls  plart^l   on   the  driviiiK  pul> 
leys  /  and  reverslnic  pulleys  tn.      The  direction  in  which 
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the  platen  moves  is  changed  by  tappetsy,  j\  which  engage 
the  reversins  lever  /,  which  is  connected  in  turn  to  the 
belt-sbiftins  levers  k^  k.  The  cross-rail  may  be  raised 
or  lowered  by  means  of  screws  within  the  housings;  these 
screws  are  operated  simultaneously  by  bevel  sears  i\  o^ 
one  pair  of  which  is  fastened  to  the  screws  mentioned,  while 
the  other  pair  is  fastened  to  the  shaft  r.  This  shaft  is 
driven  by  spur  gearing,  which,  in  turn,  is  driven  by  a  belt 
placed  on  the  pulley  /. 


MBTHODS  OF   DRIVING. 

3.  T^wo  Metbods  Commonly  Used. — There  are  two 
methods  of  imparting  motion  to  the  planer  table  or  platen. 
One  is  by  a  system  of  spur  gearing,  in  which  the  power 
is  transmitted  from  the  belts  to  the  table  by  means  of 
gears.  Planers  thus  driven  are  called  spur-geared  planers. 
The  other  method  is  by  means  of  a  spiral  gear  that  en- 
gages with  a  rack  on  the  under  side  of  the  platen.  The 
worm  is  driven  by  gears  and  shafts,  which,  in  turn,  are 
driven  by  the  belts.  From  the  kind  of  driving  mechanism 
used,  such  planers  are  called  spiral-geared  planers. 

4t.  Spur-Geared  Planers.  —  Fig.  2  shows  how  the 
driving  gears  are  arranged  on  a  spur-i^eared  planer. 
Three  shafts  pass  through  the  bed  and  have  their  bearings 
at  the  ends.  Shaft  1  projects  through  the  front  side  of 
the  planer  bed  sufficiently  to  receive  the  driving  pulleys  / 
and  ;//,  Figs.  1  and  2.  This  shaft,  near  the  back  side  of  the 
bed,  carries  the  pinion  ^,  Fig.  2,  which  engages  with  the 
spur  gear  b  on  shaft  2.  Near  the  center  of  shaft  2  is  a 
pinion  r,  which  engages  and  drives  a  spur  gear  e  carried  on 
shaft  3.  This  gear  is  the  largest  and  heaviest  in  the  train 
of  gearing  and  is  sometimes  called  the  bull-^vheel.  On 
the  under  side  of  the  platen,  and  between  the  guides,  or 
V's,  is  a  rack/",  which  engages  with  the  bull- wheel  e. 

If  we  follow  the  motion  of  the  gears  when  the  belt-driven 
pulleys  are  moving  in  the  direction  indicated  by  the  arrow  X*, 


t^ 
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it  will  be  found  that  the  table  will  move  in  the  direction  of 
the  arrow  h.  In  order  to  reverse  the  direction  of  motion, 
two  belts  are  used;  one  of  these  is  an  open  belt  and  the 
other  is  a  crossed  belt.  It  will  be  seen  by  reference  to 
Figs.  1  and  3  that  there  are  two  pulleys  of  each  size  on 
the  shaft,  one  of  each  set  being  a  loose  pulley.  When  one 
belt  is  rotating  the  shaft  I  in  one  direction,  the  other  belt 
runs  in  an  opposite  direction  on  the  loose  pulley  of  the  other 


set.  When  the  reversing  occurs,  the  driving  belt  is  run  off 
the  tight  pulley  to  the  loose  pulley  beside  it,  while  the  other 
belt  is  moved  from  its  loose  pulley  to  the  fixed  pulley  beside  it. 
This  at  once  changes  the  direction  of  rotation  of  the  shafts, 
and,  consequently,  the  direction  of  motion  of  the  machine. 
When  the  end  of  the  stroke  is  reached,  the  reversing  levers 
at  once  change  the  belts  back  to  the  original  position  and 
the  planer  moves  forwards  as  before. 

5.  QuicU  Retura. — It  will  be  noticed  in  Figs.  I  and  2 
that  the  driving  pulley  /  and  the  return-stroke  pulley  m 
have  different  diameters.  The  pulleys  on  the  counter- 
shaft to  which  these  are  belled  also  have  different  diam- 
eters. By  this  combination,  the  planer  is  made  to  run 
backwards  on  the  return  stroke  at  a  rate  of  speed  2,  3,  or  4 
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times  as  great  as  the  forward,  or  cutting,  speed.  When 
planers  are  thus  designed,  they  are  said  to  have  a  quick- 
return  motion.  This  method  saves  considerable  time 
over  the  old-style  machines,  which  required  as  much  time 
for  the  return  stroke  as  for  the  forward  stroke. 

6.     Spiral-Geared  Planers. — In   the  spiral-seared 

planers,  two  driving  belts  running  in  opposite  directions 


on  tight  and  loose  pulleys  are  used,  the  same  as  in  the 
spur-geared  planers.  Fig.  3  shows  a  top  view  of  a  spiral- 
geared  planer.  The 
two  driving  pulleys 
are  shown  at  /  and  tfi. 
It  will  be  noticed  that 
the  shaft  that  carries 
the  pulleys  is  parallel 
to  the  line  of  motion 
of  the  platen,  while  in 
the  spur-geared  planer 
shown  it  was  at  right 
angles  to  it.  On  the 
end  of   the  belt-pulley 
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shaft  is  a  small  bevel  gear  a^  which  engages  with  a  large 
bevel  gear  e  on  the  shaft  c.  On  the  other  end  of  the  shaft  c 
IS  a  spiral  gear,  or  worm,  y,  which  engages  with  the  rack 
on  the  under  side  of  the  platen  and  is  shown  in  dotted 
lines  in  the  illustration.  It  may  be  noticed  by  examining 
the  threads  of  a  worm  or  any  screw,  as,  for  instance,  that 
shown  in  Fig.  4,  that  the  threads  are  not  square  with  the 
axis  of  the  screw,  but  make  some  other  angle  than  90**,  as 
shown  by  the  line  O D\  the  angle  depends  on  the  diameter 
of  the  screw  and  its  pitch.  On  account  of  this  fact,  in  a 
spiral-geared  planer,  the  shaft  c  is  set  at  such  an  angle  that 
the  line  of  the  threads  is  at  right  angles  to  the  line  of 
motion  of  the  platen,  in  order  to  give  a  direct  pull.  The 
rack  on  the  under  side  of  the  table  is  specially  cut,  so  that 
the  worm  fits  it  correctly.  It  is  claimed  that  these  spiral- 
geared  planers  are  very  smooth  in  their  action. 


SIZB  OF  PLANBRS. 

7.  Definition. — The  size  of  a  planer  is  indicated  by  the 
width  and  height  of  the  largest  piece  that  will  pass  through 
its  housings  and  the  length  of  the  longest  piece  that  can  be 
planed  on  its  table.  Thus,  a  40"  X  40"  X  10'  planer  means 
that  a  piece  40  inches  square  will  go  through  the  housings 
and  the  table  will  lake  a  piece  10  feet  long. 

8.  Planer  Heads. — Ordinarily,  planers  are  equipped 
with  but  one  head,  but  when  specially  ordered  for  particular 
work,  two  heads  may  be  used  on  the  cross- rail,  as  shown  in 
Fig.  1.  Large  planers  are  frequently  equipped  with  four 
heads,  two  being  placed  upon  the  cross-rail,  as  shown  in 
Fig.  1,  and  the  other  two,  called  »ide  lieads,  on  the  housings 
below  the  cross-rail.  These  side  heads  are  used  when  special 
undercuts  are  being  made,  or  when  it  is  desired  to  face  the 
sides  at  the  same  time  that  the  top  is  being  finished.  There 
are  some  other  types  of  planers  used  for  special  kinds  of 
work,  but  they  are  modifications  of  the  standard  shape 
shown  in  Fig.  1. 
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THE  PI.ANER  CHUCE. 

9.  When  a  piece  is  to  be  planed,  it  must  be  securely  fast- 
ened to  the  platen  in  some 
manner.    This  operation  is 
called  setting  the  work.   , 
The    manner    of    holding  ' 
the  work  on  the  platen  de- 
pends  on   the    shape   and 
size  of  the  work.     It  may 
be  held  in  a  regular  planer 
chuck  or  vise,  by  the  use 
of   bolts  and   clamps,    by 
pins  and  jacks,  or  by  spe-  Fio.  h. 

cial  holding  devices  designed  for  the  purpose. 

10.  Description. — Fig,  5  shows  a  common  type  of 
planer  chuck.  It  is  fastened  to  the  platen  by  bolts  that 
may  be  slipped  into  slots  at  its  sides,  one  of  which  is  shown 
at  a.  The  base  of  the  chuck  is  circular,  and  is  made  in  two 
parts,  so  that  by  unclamping  the  two  bolts,  one  of  which  is 
shown  at  ^,  the  other  being  at  the  opposite  side  of  the 
chuck,  the  top  part  may  be  swiveled  around  in  order  that 
the  jaws  may  be  set  at  any  angle.  The  bottom  of  the 
upper  part  is  graduated  to  degrees  for  determining  the 
angle  when  setting  the  jaws.  One  jaw  c  is  fixed ;  the  other 
jaw  d  may  be  moved  to  the  proper  position  to  hold  the  work. 
When  work  is  to  be  held  in  the  vise,  the  jaw  d  is  moved 
against  the  work,  and  the  block  e  is  moved  against  the  rear 
of  the  jaw.  The  block  f  is  kept  from  slipping  back  by 
means  of  the  strips/,  /,  which  drop  into  the  notches  cut  in 
the  chuck,  as  shown.  The  nuts  i,  k  in  the  jaw  U  are  now 
screwed  down,  and  it  is  tightened  against  the  work  by  mcanit 
of  the  setscrcws/^,^.  Finally,  the  nuts  k,  k  are  tightened 
once  more. 
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!!•  Square  Planing:. — Suppose  that  a  rough  cast- 
iron  block  2k  inches  square  is  to  be  planed  square  and  true. 
If  it  is  desired  that  the  block  be  made  with  considerable 
accuracy,  it  should  be  planed  all  over  with  roughing  cuts 
before  any  finishing  cuts  are  taken.  The  work  is  put  in  a 
chuck  and  a  cut  taken  over  one  side.  After  the  work  is 
planed  on  one  side,  it  is  given  a  quarter  turn  in  the  chuck, 
and  is  then  clamped  for  planing  the  second  side.  Before 
taking  the  cut,  it  must  be  known  that  the  finished  side  of 
the  work  is  set  perpendicular  to  the  table,  so  that  the  cut  on 
the  second  side  will  be  square  with  the  one  previously  fin- 
ished. When  the  planer  chuck  is  true  and  in  good  shape, 
the  jaw  c  will  be  square  with  the  bottom  of  the  chuck,  so 
that  if  work  with  a  fiat  face  be  clamped  against  it  and  a  cut 
is  taken,  the  planed  surface  will  be  square  with  the  flat  face 
in  contact  with  the  jaw. 

If  the  work  is  not  true,  care  must  be  taken  in  clamping 
it,  or  the  finished  face  will  not  be  held  squarely  against  the 
jaw.     Suppose   the  work   zu  to   be   tapered,   as  shown   in 
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Fig.  6.  The  face  k  of  the  work  is  finished,  but  the  face  /is 
rough.  When  the  jaws  are  tightened  against  the  work,  the 
pressure  will  come  against  the  work  at  the  edges  of  the 
jaws,  while,  at  the  bottom,  the  jaws  will  not  touch  the  work. 
If  the  jaws  are  tightened,  they  will  remain  in  the  same  posi- 
tion relative  to  the  work,  so  that  even  though  the  face  i 
has  been  planed,  it  will  not  be  held  flat  against  the  jaw  c. 
When  a  cut  is  taken  with  the  work  thus  held,  the  latter  will 
not  be  square  with  the  finished  face.     If  it  is  found  that 
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this  condition  exists,  the  work  may  be  made  to  coma  flat 
against  the  jaw  by  putting  thin  pieces  of  packing  /  (strips 
of  paper  or  tin)  between  the  jaw  dsind  the  lower  edge  of  the 
work,  as  shown.  This  will  cause  a  pressure  against  the 
lower  edge  of  the  work  that  will  hold  it  squarely  against  the 
jaw  c. 

12.     Instead  of  putting  the  packing  pieces  /  between  the 
jaw  d  and  the  work.  Fig.  6,  a  false  jaw  /  with  a  rounded 


Fio.  7. 

face,  shown  in  Fig.  7,  may  be  used.  This  rounded  face 
will  allow  the  work  to  turn  slightly  so  as  to  bring  its  finished 
face  squarely  against  the  jaw  c. 

If  no  false  jaw  is  available,  the  same  end  may  be  attained 
by  placing  a  straight  piece  of  copper  or  iron  wire  between 
the  work  and  the  movable  jaw.  The  wire  should  be  about 
the  length  of  the  work,  in  case  it  is  shorter  than  the  width 
of  the  jaw;  if  it  is  longer,  however,  the  length  of  the  wire 
should  be  equal  to  the  width  of  the  jaw. 


Fio.  8. 


13.     Another  source   of    error  that   must  be  guarded 
against  is  caused  by  the  jaw  d  rising  slightly  from  its  seat 
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when  the  screws  g  are  tightened.  Fig.  8  shows,  some- 
what exaggerated,  what  happens  when  the  screws  g  are 
tightened  on  the  work  before  the  bolts  k  are  tightened 
sufficiently  to  hold  the  jaw  d  to  its  seat.  In  this  case,  the 
faces  k  and  /  of  the  work  are  parallel,  but  the  lifting  of  the 
jaw  d  will  throw  the  work  out  of  true  with  the  jaw  r,  and  if 
a  cut  is  taken  over  the  top,  the  work  will  not  be  square. 

14,  If  the  work  projects  beyond  the  ends  of  the  vise 
jaws,  the  setting  of  the  finished  side  may  be  tested  by  put- 
ting the  stock  of  a  try-square  /  on  the  platen  and  pushing 
the  blade  against  the  finished  side  k^  as  shown  in  Fig.  9. 


Fig.  9. 

If  the  blade  is  in  contact  only  at  the  top,  or  at  the  bottom, 
of  the  finished  side  k^  it  shows  that  the  piece  is  not  properly 
chucked.  In  order  to  bring  the  finished  face  square,  strips 
of  paper  or  tin  may  be  put  between  the  work  and  the  jaw  c 
at  the  top  or  bottom  of  the  jaw. 

15.  Making  Sides  Parallel. — If  the  work  is  large 
enough  to  allow  it  to  be  set  flat  on  the  bottom  of  the  chuck, 
as  shown  in  Fig.  G,  it  will  usually  be  near  enough  true  to 
be  planed  parallel.  To  make  sure  that  the  work  is  fairly 
bedded,  that  is,  in  contact  with  the  bottom  of  the  fixed  jaw, 
it  is  well,  after  the  jaws  are  properly  tightened,  to  strike 
the  top  face  of  the  work  with  a  lead  or  babbitt  hammer. 

When  the  work  projects  beyond  the  sides  of  the  chuck, 
the  bottom  of  the  work  may  be  set  parallel  to  the  bed  by 
tapping  with  a  hammer  and  testing  by  calipering,  as  shown 
in  Fig.  10.     If  the  work  is  short  and  cannot  be  planed  on  its 
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top  face  when  set  down  on  the  bottom  of  the  vise,  it  must 
be  held  up.  To  set  it  true  so  that  the  top  face  may  be 
planed  parallel  with  the  bottom  face,  its  setting  may  be 


tested  by  inside  calipers,  measuring  from  the  bottom  of  the 
chuck  to  the  under  finished  face,  and  adjusting  the  work  by 
tapping  it  with  a  soft  hammer  until  the  measurements  are 
the  same  at  all  points. 

16.  Utte  of  Parallel  Strips. — A  much  quicker  way  is 
to  use  parallel  strips  b,  b.  Fig.  11,  under  the  work  w,  and 
set  the  work  down  on  these  strips.  Parallel  strips  are  thin 
pieces  of  cast  iron  or  steel  that  have  been  carefully  machined 
so  that  the   opposite   faces   are   parallel  with   each  other. 


They  are  made  of  various  sizes  and  thicknesses,  to  be  used 
for  different  thicknesses  of  work,  and  are  usually  made  in 
pairs.  After  the  roughing  cut  is  taken  over  the  top  face  of 
the  work,  it  is  well  to  caliper  its  thickness  at  the  ends  to 
make  sure  that  it  is  being  planed  parallel, 

17.  Use  of  the  Surface  Gauge. — Suppose  that  one 
side  of  a  tapering  piece  of  work  is  to  be  planed.  Then  a 
line  is  laid  out  and  marked  by  prick-punch  marks  to  aid  in 
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setting  the  work  correctly  in  the  vise  jaws.  For  testing  the 
setting,  a  surface  sauge,  one  design  of  which  is  shown  at 
S  in  Fig.  12,  may  be  used.  A  surface  gauge  consists  of  a 
heavy  base  d  with  a  flat  face  that  carries  a  standard  c  of 
some  kind,  to  which  a  pointer  /f  is  attached  by  a  clamping 
device  in  such  a  manner  that  it  can  be  moved  along  the 
standard  and  clamped  anywhere.     In  addition,  the  pointer 
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Fig.  12. 

can  be  swiveled  around  the  clamping  device.  In  use,  the 
pointer  /  is  adjusted  to  one  end  of  the  line  a  drawn  on  the 
work,  which  in  Fig.  12  is  shown  held  in  the  planer  chuck. 
The  base  resting  fairly  on  the  platen,  the  surface  gauge  is 
now  moved  to  the  other  end  and  it  is  noted  if  the  pointer 
coincides  agkin  with  the  line  a.  If  it  does  not  do  so,  the 
work  is  shifted  by  tapping  it  lightly  with  a  hammer  and 
the  testing  and  shifting  is  repeated  until  the  surface  gauge 
shows  the  line  a  to  be  parallel  to  the  platen. 

18.  When  a  number  of  tapering  pieces  are  to  be  planed, 
tapered  strips  may  be  used  in  the  vise  to  set  the  work  on, 
in  the  same  way  that  parallel  strips  are  used  to  produce 
parallel  work.  When  these  tapered  strips  are  used,  the 
work  is  bedded  fairly  on  them;  there  is  then  no  necessity  of 
setting  each  piece  separately  by  the  aid  of  a  surface  gauge. 
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19.  A  surface  gauge  may  not  only  be  used  in  setting  work 
to  a  line,  but  is  also  well  adapted  for  testing  the  parallelism  of 
surfaces  with  the  platen.  For  instance,  let  a  piece  c  having 
the  profile  shown  in  Fig.  13  be  held  in  the  chuck,  and  let  it 
be  required  to  adjust  it  so  that  its  surfaces  a  and  b  are  both 
the  same  height  above  the  platen.  Then  the  contact  point 
of  the  surface  gauge  is  placed  on  the  surface  ^,  while  the 
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Fig.  18. 

base  rests  fairly  on  the  platen;  the  surface  gauge  is  now 
placed  on  the  other  side  of  the  work  in  the  position  shown  in 
dotted  lines,  and  it  is  observed  if  the  contact  point  touches 
the  surface  a.  If  it  does  not  do  so,  the  work  is  moved  as 
required;  the  contact  point  is  readjusted,  and  the  setting  of 
a  and  b  is  tested  again.  This  operation  is  repeated  until 
the  surface  gauge  shows  a  and  b  to  be  at  the  same  height 
above  the  platen. 

20.  Special  Ja^vs. — For  some  classes  of  work,  spe- 
cial Ja^vs  may  be  made  and  fastened  to  the  regular  jaws  of 
the  planer  chuck  for  holding  particular  shapes  of  work. 
But  if  many  such  pieces  are  to  be  made,  it  is  better  to  make 
a  special  jig,  or  holding  device. 

21.  Truing:  the  Planer  Chuck. — When  it  is  found 
that  the  planer  vise  is  out  of  square,  thus  causing  the  work 
to  be  held  untrue,  the  vise  should  be  trued  by  taking  a  very 
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fine,  smooth  cut  over  the  jaw  r,  Fig  5,  and  also  over  the 
bottom  of  the  jaw  on  which  the  work  rests.  Before  this 
cut  is  taken,  the  chuck  should  be  cleaned  thoroughly,  and 
care  should  be  taken  that  there  are  no  chips  or  dirt  between 
it  and  the  planer  platen. 


BOLTS  AND  CLAMPS. 

22.  Method  of  Applying. — If  the  work  is  large,  or  for 
other  reasons  cannot  be  held  in  the  ordinary  chuck,  it  may 
be  fastened  to  the  platen  by  bolts  and  clamps.  T  slots 
are  cut  in  the  top  of  the  platen  to  receive  the  boltheads,  and 
holes  are  provided  for  pins  to  keep  the  work  from  slipping. 

23.  Fig.  14  shows  a  part  of  a  planer  platen  with  a  flat 
block  a  fastened  to  it  by  the  use  of  bolts  d,  b  and  clamps  r,  c 


Pig.  14. 

resting  on  packing-blocks  r/,  d.  These  clamps  are  pieces  of 
flat  bar  iron  2  inches  X  f  inch,  or  of  similar  proportion, 
with  holes  drilled  near  the  ends  for  the  bolts  to  pass 
through.  When  applying  clamps  to  a  piece  of  work,  care 
should  be  taken  to  adjust  them  so  that  the  bolts  come  very 
near  the  work,  as  shown  in  Fig.  14;  also  that  the  packing- 
blocks  d,  d  are  the  same  height  as  the  work,  or  slightly 
higher.  Fig.  14  also  shows  how  stop-pins  r,  e  are  used  to 
prevent  the  work  from  sliding  along  the  platen  while  a  cut 
is  being  taken.  The  stop-pins  are  merely  removable  pins 
inserted  in  holes  drilled  in  the  platen. 

24.     Imagine  that  in  Fig.   14  the  piece  a  is  the   pack- 
ing-block, and  that  d  is  the  work.     Then,  with  the  bolt  b 
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(a) 


dose  to  the  packing-block,  the  tightening  of  the  nut  will 
cause  the  clamp  to  grip  the  block  tightly,  while  the  work 
will  be  left  comparatively  loose.  For  this  reason,  the  bolt 
should  always  be  placed  as  close  as  possible  to  the  work. 
Now,  if  the  packing-block  is  too  low,  the  bolt  must  bend 
when  the  nut  is  tightened,  owing  to  the  clamp  sloping 
downwards.  Furthermore,  the  tendency  will  be  for  the 
clamp  to  push  the  work  away. 

This  is  shown  in  Fig.  15  {a).  It  will  be  observed  that  as 
the  nut  on  the  bolt  is  screwed  down,  the  clamp  bears  only 
against  the  edge  of  the 
work  and  the  packing-  F 
block,  and  that  the  pres-  — »- 
sure  is  acting  not  directly 
at  right  angles  to  the 
platen,  but  at  an  inclina- 
tion to  it.  In  conse- 
quence of  this,  there  is  a 
tendency  for  the  work  to 
slide  away  from  the 
clamp.  Since  the  clamp 
is  in  line  contact  with  the 
extreme  edge  of  the  work, 
it  is  very  likely  to  mar  the  edge  badly.  For  these  reasons, 
care  must  always  be  taken  to  make  the  packing-block 
high  enough  to  insure  a  fair  bearing  of  the  clamp  on  the 
work.  When  the  packing-block  is  just  the  same  height 
as  the  work,  and  the  clamp  is  bent  and  applied  with  its 
convex  side  downwards,  as  shown  in  Fig.  15  (d),  or  when 
the  clamp  is  so  thin  as  to  readily  bend  when  the  nut  is 
tightened,  the  same  effect  will  be  had  as  if  the  packing- 
block  were  too  low.  That  is,  there  will  be  a  tendency  to 
push  the  work  away  and  also  to  mar  the  edge.  Now,  if 
the  packing-block  is  slightly  higher  than  the  work,  the  edge 
of  the  clamp  will  be  in  contact  with  the  surface  of  the  work, 
and  any  tightening  of  the  nut  will,  by  reason  of  the  bending 
of  the  clamp,  bring  it  in  more  intimate  contact  with  the 
surface  of  the  work. 


Fig.  16. 
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25*  Sbapes  of  Planer  Bolts. — Planer  bolts  are  ordi- 
narily made  with  large  square  and  flat  heads;  they  are 
slipped  into  the  T  slots  in  the  platen  from  the  ends.  This 
form  of  head  is  the  strongest.  It  sometimes  occurs  in 
clamping  work  to  the  platen  that  when  heavy  work  is  set  in 
place,  it  is  desired  to  apply  a  bolt  and  clamp  to  some  part  of 
the  inside  of  the  work  without  moving  the  latter.  For  this 
purpose,  a  special  form  of  bolthead  is  used  that  allows  the 
bolt  to  be  slipped  into  the  T  slot  from  above,  instead  of 
from  the  ends.  Fig.  16  {a)  shows  such  a  bolthead;  two 
opposite  sides  are  cut  away  so  that  it  will  drop  into  the  slot. 
After  it  is  in  place,  it  is  given  a  quarter  turn,  so  that  the 
head  comes  under  the  lips  of  the  T  slot.  The  bolt  is  kept 
from  revolving  when  the  nut  is  tightened  by  the  ends  of  the 
head  coming  against  the  sides  of  the  T  slot. 

Another  method  of  applying  clamping  bolts  to  such  places 
is  by  means  of  a  T-shaped  nut,  as  shown  in  Fig.  16  {6). 
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This  nut  may  be  slipped  along  the  T  slot  and  under  the 
work  to  the  desired  place,  after  which  a  bolt  may  be  screwed 
into  it. 


26.  Bent  Clamps. — Besides  the  common  flat  clamp 
shown  at  c  in  Fig.  14,  the  bent  clamp  a  shown  in  Fig.  17  is 
often  used.  A  bent  clamp  is  convenient  when  it  is  desired 
to  keep  the  end  of  the  bolt  out  of  the  way  of  the  tool  as  it 
passes  over  the  work,  or  when  no  bolts  long  enough  for 
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a  straight  clamp  are  available.  It  is  a  rather  expensive 
clamp  to  make  and  does  not  possess  any  particular  advan- 
tages over  a  straight  clamp;  for  this  reason,  it  is  rarely  used 


Fig.  18. 


Fig.  17. 

by   experienced   planer   hands,    except   for   work   where   a 
straight  clamp  will  not  answer. 

27.  When  a  number  of  pieces  of  the  same  thickness  are  to 
be  planed,  a  clamp  may  be 
made  as  shown  in  Fig.  18. 
This  clamp  has  one  end 
bent  over  at  a  right  angle; 
the  bottom  is  cut  off  paral- 
lel to  the  top,  so  that  when 
it  rests  squarely  on  the 
table,  the  top  of  the  clamp  will  be  level.  With  this  style  of 
clamp,  packing-blocks  are  unnecessary. 

28.  U    Clamps. — Fig.  19  shows  a  form  of  clamp  that  is 
very  convenient  when   it  is  desired  to  remove  the  clamp 

without  removing  the  nut  from 
the  bolt.  This  clamp  is  made 
of  square  iron  and  is  bent  into 
a  U  shape,  with  an  opening 
sufficiently  wide  to  allow  it  to 
^'°-  ^*-  slide  over  the  shank  of  a  bolt. 

It  will  also  be   found   convenient    on  account   of  the   fact 
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that  the  bolt  can  be  moved  along  the  clamp  in  order  to  get  the 
bolt  into  the  most  desirable  position.  Likewise,  the  clamp 
can  be  moved  to  suit  the  work  in  case  the  bolt  must  occupy 
a  certain  position.  Taking  it  all  around,  this  is  probably 
the  most  useful  form  of  clamp  for  general  work,  since  it  has 
the  widest  range  of  application.  It  is  applied  in  the  same 
manner  as  the  ordinary  flat  clamp.  Always  place  a  washer 
between  the  clamp  and  the  nut  used  for  tightening  it,  in 
order  to  have  a  fair  bearing  for  the  nut. 

29.     Finger  Clamps  Wltti  Bolts. — It  often  occurs  that 
some  flat  face  is  to  be  finished  all  over  when  the  work  is  of 

such  a  shape  that  there  is 
no  place  to  put  the  clamps 
except  on  the  top  face.  In 
that  case,  the  work  is  often 
planed  as  far  as  the  clamps 
allow;  the  clamps  are  then 
moved  to  the  planed  part 
and  the  cut  is  continued. 
Sometimes,  however,  it  is  possible  to  drill  holes  in  the 
side  of  the  work  and  use  finger  clamps,  which  save 
much  time.  Fig.  20  shows  a  side  view  of  a  piece  of  work  a 
with  a  finger  clamp  b  in  place.  The  clamp  has  one  end 
forged  or  turned  round  so  that  it  will  fit  loosely  into  the 
drilled  hole.  If  these  holes  are  drilled  into  the  solid  cast- 
ing, they  may  be  filled  after  the  work  is  finished.  The 
conditions  of  each  particular  case  will  determine  whether 
a  finger  clamp  can  be  used  or  not.  When  it  is  inadvisable 
or  objectionable  to  drill  holes  for  them,  the  work  must  be 
held  in  some  other  manner. 


Pio.  ao. 


PLANBR  PINS. 


30.  Shape. — A  very  convenient  method  of  fastening 
work  to  the  planer  is  by  the  use  of  planer  pins,  or  screiv 
plugs,  one  of  which  is  shown  in  Fig.  21.     One  end  a  is 
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turned  round  to  fit  the  holes  in  the  platen,  while  the  other 
is  left  square  and  tapped  for  a  steel  setscrew  b.     Fig,  23 


shows  the  same  style  of  pin  made  to  fit  in  the  T  slot  of  a 
planer  platen. 

31.  Method  of  Using.  —  Pig.  23  shows  one  way  in 
which  they  may  be  used.  A  planer  strip  a,  which  has 
been  previously  planed  square,  is  bolted  to  the  platen  so 
that  the  edge  against  which  the  work  bears  will  be  true  with 


the  line  of  cut.  For  this  purpose,  the  planer  strip  is  pro- 
vided with  a  tongue  that  fits  the  T  slots.  The  work  b  is  put 
against  the  strip,  and  two  pins  c,  c  with  setscrews  are  put  in 
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the  holes  in  the  platen  and  the  screws  set  up  against  the 
work.  The  screws  push  the  work  against  the  planer  strip. 
While  the  friction  will  be  sufficient  to  hold  the  work  against 
a  light  cut,  it  would  be  pretty  sure  to  slip  under  a  moder- 
ately heavy  one,  and  hence  stop-pins  d^  d  should  be  placed 
in  front  of  the  work  to  prevent  any  longitudinal  move- 
ment. 

32.     Toe  Dogs. — Thin   work   may  be  fastened   to  the 
platen  by  screw  pins  and  to©  dogs.     The  toe  dogs  used  for 

this  class  of  work  are 
shown  in  Fig.  24.  They 
are  usually  made  of  tool 
steel  with  one  end  flat- 
tened to  press  against  the 
work  and  the  other  cupped 
to  receive  the  end  of  the 
setscrew.  The  thin  end 
may  be  hardened,  so  that 
its  edges  a,  a  will  cut  into  the  work  and  thus  be  kept  from 
slipping.  Some  persons  prefer  a  wedge-shaped  edge,  like 
that  of  a  chisel,  on  the  flattened  end.  For  holding  work 
that  is  finished  on  its  edges,  it  is  advisable  to  make  the  toe 
dogs  of  soft  iron  to  prevent  them  from  marring  the  work. 

A  number  of  pins  and  dogs  may  be  put  on  each  side  of 
the  work.     It  may  be  seen,  by  referring  to  Fig.  25  (^),  that 
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as  the  screws  a^  a  are  tightened,  there  is  a  tendency  to  push 
the  work  ^down  on  the  platen,  thus  holding  it  securely. 


33.     The  slant  of  toe  dogs  must  not  be  so  great  that  the 
tightening  of  the  setscrew  will  tend  to  turn  the  outer  end 
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upwards  about  the  edge  in  contact  with  the  work.  In  gen- 
eral, the  inclination  of  a  line  drawn  from  the  point  of  con- 
tact to  the  point  of  the  setscrew  should  not  exceed  10°. 

3-4«  Toe  dogs  are  sometimes  applied  to  work  held  in  the 
planer  vise.  They  are  then  placed  between  the  jaws  of  the 
vise  and  the  work,  so  that  the  tightening  of  the  movable 
jaw  will  press  the  work  to  the  bottom  of  the  vise.  In  some 
cases,  toe  dogs  may  be  used  in  connection  with  a  planer 
strip;  being  then  placed  on  one  side  of  the  work  only,  they 
will  push  the  work  against  the  planed  side  of  the  planer 
strip  and  down  on  the  platen  at  the  same  time. 

35.  Since  toe  dogs  do  not  hold  the  work  very  tightly  in 
the  direction  of  the  cut,  it  is  always  advisable  to  put  stop- 
pins  in  front  of  the  work  to  keep  it  from  slipping. 

A  thin  strip  or  straightedge  may  be  used  with  or  in  place 
of  toe  dogs  for  holding  work.  Fig.  25  (l?)  shows  a  piece 
of  work  a  held  on  a  planer  table  by  the  straightedge  d  and 
the  toe  dogs  c.  The  straightedge  rests  against  a  planer 
strip  d  or  against  two  blocks  bolted  down  in  the  same 
manner.  The  piece  d  is  inclined  as  shown,  so  as  to  keep 
the  work  in  contact  with  the  table.  A  straightedge  may 
be  used  in  a  similar  manner  for  holding  work  in  a  planer 
chuck. 

36.  Clamping  Round  Work. — If  a  shaft  is  to  have  a 
keyway  or  spline  cut  along  its  length,  it  may  be  clamped  to 
the  table  in  the  manner  shown  in  Fig.  26.     Here  the  shaft  a  is 


Fig.  28. 


held  in  one  of  the  T  slots  in  the  platen,  and  bent  clamps  /^,  d 
are  applied  to  each  side.     To  keep  the  clamps  from  slipping 
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down  on  the  sides  of  the  shaft,  stop-pins  /,  /  are  put  in 
the  platen  to  hold  the  clamps  in  place.  If  one  clamp  is  made 
much  tighter  than  the  others,  there  is  a  tendency  to  spring 
the  work,  especially  if  there  are  many  clamps  along  the 
side.  The  stop-pins  may  be  made  with  an  enlarged  cylin- 
drical head  to  prevent  their  slipping  through  the  platen. 
The  shoulder  at  the  junction  of  the  head  and  shank  may  be 
beveled  slightly ;  this  allows  the  point  of  a  screwdriver  or 
pinch  bar  to  be  used  for  prying  them  out  of  the  hole. 

37.  A  better  method  of  holding  long  shafts  that  are  to  be 
splined  is  to  have  a  long  planer  strip  a  bolted  to  the  platen, 
as    shown    in  Fig.  27.     This  is  beveled  as  shown  so   that 


Pig.  27. 

when  the  shaft  is  pressed  against  it  by  the  setscrew,  it  is 
held  down  firmly.  By  this  method  the  shaft  is  kept 
straight. 

To  prevent  the  points  of  the  setscrews  from  marring  the 
shaft,  a  guard  piece  b  should  be  placed  in  front  of  each  set- 
screw.  When  the  point  of  the  setscrew  is  much  higher 
than  the  axis  of  the  shaft,  it  may  be  necessary  to  put  a 
packing-block  c  between  the  lower  end  of  the  pin  and  the 
guard  strip.  The  center  of  the  setscrew  should  be  at  least 
as  high  as  the  axis  of  the  work,  or  slightly  above  it;  other- 
wise, there  will  be  a  tendency  for  the  shaft  to  rise  up  when 
the  setscrews  are  tightened.  As  the  pressure  of  the  cut  is 
considerable,  a  stop-pin  should  be  placed  in  front  of  the  shaft. 
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38.  V  Blocks. — If  a  shaft  has  different  diameters,  it 
may  not  be  possible  to 
hold  it  by  the  methods  de- 
scribed. V  blocks  may 
then  be  used  for  support- 
ing the  shaft,  as  shown  in 
Fig.  28.  A  number  of 
these  blocks  are  planed 
exactly  alike,  and  have 
tongues  on  the  bottom 
that  fit  the  T  slots  in  the  fio,  as. 

platen  and  insure  correct  alinement.  These  blocks  are  put 
on  the  platen  in  such  positions  that  the  parts  of  the  shaft  to 
be  supported  that  have  equal  diameters  will  rest  in  them. 


PLANER  CBNXERS. 

39.  CooBtruction  and  Use — Fig,  39  shows  a  set  of 
planer  centers  used  for  certain  classes  of  work.  These 
centers  are  clamped  to  the  platen;  tongues  on  their  bottom, 
which  fit  the  T  slots,  insure  that  they  are  in  line  with  each 
other  and  with  the  line  of  motion  of  the  platen.     The  work 


is  held  between  them  in  the  same  way  that  it  would  be  held 
between  lathe  centers.  A  dog  is  fastened  to  the  work  and  the 
tail  is  held  in  the  slot  in  the  arm  a.  Referring  to  Fig.  2!)  {a), 
a  worm-wheel  6  is  shown.     Tliis  is  rigidly  fastened  to  the 
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headstock  spindle ;  by  means  of  a  worm  engaging  the  worm- 
wheel  and  a  handle  c  fastened  to  the  worm,  the  headstock 
spindle  may  be  revolved  by  hand.  The  worm  d  is  shown 
clearly  in  the  end  view  given  at  (b).  By  examining  this  end 
view,  it  will  be  noticed  that  several  concentric  rows  of  holes 
are  drilled  into  the  worm-wheel,  the  holes  in  each  row  being 
spaced  equidistant.  A  movable  arm  e  is  fastened  to  the  frame 
of  the  headstock  in  such  a  manner  that  it  can  be  rigidly 
clamped.  This  arm  carries  on  one  end  a  latch  pin  /*,  which 
has  a  small  cylindrical  projection  that  fits  the  holes  in  the 
worm-wheel.  By  means  of  the  holes  and  latch  pin,  quite  a 
number  of  equal  divisions  of  the  circle  may  be  obtained. 

40.     To  Find  What  Divisions  Can  Be  Obtained. — 

To  find  if  a  given  number  of  equal  divisions  can  be  obtained 
with  the  number  of  holes  in  the  various  rows,  use  the  fol- 
lowing rule: 

Rule. — Divide  successively  the  number  of  holes  in  each  row 
by  the  number  of  parts  into  which  a  circle  is  to  be  divided. 
If  the  quotient  is  a  whole  number^  the  proposed  number  of 
parts  can  be  obtained.  The  quotient^  at  the  same  time^  is  the 
number  of  holes  of  the  row  found  divisible  that  the  worm- 
wheel  must  be  rotated  for  each  part. 

Example. — There  being  72,  64.  and  56  holes  in  the  three  rows  on 
the  worm-wheel,  can  a  circle  be  divided  into  14  parts  ? 

.  Solution. — Dividing  72  by  14,  we  get  5^  as  the  quotient.  As  this 
is  not  an  integral  (whole)  number,  try  the  row  having  64  holes.  Divi- 
ding 64  by  14  we  get  4^  as  the  quotient.  Since  this  is  not  a  whole 
number,  try  the  last  row.  Dividing  56  by  14,  we  get  4  as  the  quotient, 
which  is  a  whole  number.  This  shows  that,  by  moving  the  worm- 
wheel  4  holes  at  a  time  in  the  row  having  56  holes,  we  can  obtain 
14  equal  divisions.     Ans. 


ANGLB  PLATES. 

41;  VLorw  Anfirie  Plates  Are  Used. — For  some  classes 
of  work,  an  ansle  plate,  shown  at  ^  in  Pig.  30,  is  very 
convenient.     This  angle  plate   is  planed  so  that  the  two 
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outer  surfaces  make  an  angle  of  90°  with  each  other.  When 
used,  one  face  is  bolted  to  the  platen,  as  shown  in  the  illus- 
tration, and  the  work  is  bolted  to  the  side  of  the  angle  plate. 


Fig.  80. 

When  one  side  of  a  piece  of  work  has  been  finished  and  an- 
other side  is  to  be  finished  square  with  it,  the  work  is  bolted 
with  its  finished  surface  against  the  angle  plate  by  bolts  and 
clamps,  used  in  the  same  way  as  when  fastening  work  to  the 
platen. 

42.  The  angle  plate  is  especially  adapted  to  work  where 
the  surface  opposite  the  side  to  be  finished  has  such  a  shape 
that  it  cannot  be  conveniently  bolted  directly  to  the  platen, 
as  occurs,  for  instance,  in  the  piece  shown  in  the  figure.  It 
will  be  seen  that  the  under  side  is  a  curved  surface. 

43.  Planer  .Jacks. — When  the  work  projects  a  con- 
siderable distance  from  the  angle  plate,  it  should  be  sup- 
ported near  the  free  end  in  order  to  prevent  it  from  springing 
away  from  the  cut.  Planer  Jacks  are  very  convenient 
for  this  purpose;  one  of  these  is  shown  applied  at  b  in 
Fig.  30. 

44.  One  form  of  a  planer  jack  is  shown  in  Fig.  31. 
It  consists   of   a   base  a  tapped    to   receive    the   screw  by 
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through  the  head  of  which  two  holes  are  drilled  at  right 
angles  with  each  other,  to  admit 
the  adjusting  pin  shown.  A  cap 
c  is  attached  to  the  head  by  a 
I  ball-and-socket  joint,  to  allow  the 
cap  to  adjust  itself  to  any  slight 
inclination  of  the  surface  to  which 
it  is  applied.  The  cap  may  be 
checkered,  as  shown,  in  order  to 
prevent  it  from  slipping.  These 
jacks  may  be  made  in  various 
Pio,  s).  heights  to  suit  conditions. 

45.  To  Keep  Work  From  Slipping.  —  Under  a 
heavy  cut  there  is  danger,  where  two  planed  surfaces  are 
placed  together,  that  the  work  will  slip.  This  danger  may 
be  lessened  by  placing  a  piece  of  paper  between  the  sur- 
faces before  clamping. 


CLAMPING  BV  GLUING. 

46.  Very  thin  and  flat  work  that  is  to  be  planed  all 
over  its  top  surface  cannot  be  held  very  readily  by  toe 
dogs.  If  straight  clamps  are  put  on  top,  they  must  be 
shifted  after  part  of  the  surface  has  been  planed.  In 
many  cases,  however,  such  work  may  be  held  without  any 
clamps  at  all  by  a  method  that  for  want  of  a  better 
name  may  be  called  Elulng.  The  edges  of  the  work,  and 
the  platen  right  around  the  edges  of  the  work,  are  care- 
fully cleaned  and  made  fairly  bright  with  coarse  emery 
cloth.  Melted  rosin  is  then  applied  around  the  edges; 
this,  if  the  surfaces  to  which  it  is  applied  are  absolutely 
free  from  grease,  will  stick  surprisingly  well  to  them,  and 
will  offer  enough  resistance  to  hold  the  work  securely 
against  a  light  cut.  Melted  shellac,  sealing  wax,  or  pitch 
may  be  used  instead  of  the  rosin;  the  rosin  is  usually 
easier  to  obtain  and  is  cheaper.  This  method  of  fastening 
obviates  any  danger  of  springing  the  work  in  clamping. 
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SPRING    OP  THB   WORK  IN  CLAMPING. 

47.  Flat  Beariiifi^s. — So  far  it  has  been  assumed  that 
the  face  of  the  work  is  true,  so  that  it  has  a  large  flat  sur- 
face bearing  against  the  jaw  of  the  chuck  or  on  the  planer 
platen.  Such,  however,  is  seldom  the  case.  When  the 
casting  or  forging  is  first  put  on  the  platen,  it  rarely  touches 
in  more  than  three  points,  and  when  the  rough  piece  is  cor- 
rectly set  for  the  cut,  probably  not  more  than  one  point 
actually  touches  the  platen,  the  other  points  being  supported 
by  packing  or  blocking. 

48.  Packing  Under  the  Work. — When  a  clamp  is 
used,  there  should  be  a  support  under  the  work  at  that 
point  to  prevent  springing  it.  Suppose  the  piece  shown  in 
Fig.  32  is  to  be  clamped  to  the  platen.  The  piece  is  crooked 
on  the  bottom,  so  that  it  touches  only  at  the  points  a  and  d. 
If  clamps  be  applied  at  the  ends  of  the  work  and  then  tight- 
ened, the  work  will  spring  down  at  the  ends,  bending  around 
its  points  of  support  a  and  d.     If  a  cut  is  taken  over  the 
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Fig.  32. 


work  while  it  is  thus  sprung,  it  will  be  found  upon  releasing 
the  clamps  that  it  will  spring  back  nearly  to  its  original 
shape,  and,  hence,  the  planed  part  will  no  longer  be  straight. 
When  clamping  work  that  does  not  touch  the  platen  directly 
under  the  clamp,  a  blocking  piece  or  packing  piece  should 
be  put  under  the  work  at  that  point,  so  that  when  the 
clamp  is  tightened,  the  end  cannot  spring  down.  Paper  or 
sheet  iron  is  often  used  for  packing.  In  many  cases,  a  thin 
iron  or  copper  wedge  is  found  convenient  for  packing  up 
and  also  for  setting  the  work. 
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CARB  IN  SBTTIKG  THB  WORK. 

49.  Position  on  thie  Bed. — When  a  large  piece  is  to 
be  planed  or  finished  on  a  number  of  surfaces,  it  should  be 
so  set  that  all  the  surfaces  can  be  finished  in  their  proper 
relation  to  each  other.  The  work  should  be  laid  out  by 
drawing  lines  on  the  various  surfaces  to  indicate  the  amount 
of  metal  that  is  to  be  removed.  The  work  is  then  set  to 
these  lines  so  that  all  the  surfaces  can  readily  be  worked 
upon. 

Suppose  a  lathe  bed  is  to  be  planed.  In  this  case,  the 
top  and  bottom  parts  should  be  planed  parallel.  It  may  be 
found  that  the  bed  is  considerably  warped  and'  twisted 
After  the  bed  is  put  on  the  planer,  it  is  leveled  up  by  the 
use  of  shims,  or  wedges,  under  the  ends  and  sides  until 
it  has  a  fair  bearing.  .For  testing  the  top  face  of  the 
bed,  or  the  face  about  to  be  planed,  the  surface  gauge  may 
be  used  at  the  end  and  along  the  sides  to  see  that  the  work 
averages  the  same  height.  When  the  work  is  adjusted  with 
the  wedges  and  packing  so  that  the  top  face  appears  about 
level,  the  clamps  are  applied,  care  being  taken  that  they  are 
over  the  packing  pieces. 

50.  Resetting. — If  a  piece  has  been  planed  true  and 
is  turned  over  on  the  platen,  it  may  be  found  that  it  does 
not  remain  true  but  is  slightly  warped,  so  that  there  is  a 
slight  amount  of  rocking  motion  when  the  work  rests  on  the 
platen.  In  such  cases,  the  piece  should  be  supported  on 
thin  pieces  of  paper  at  the  four  corners.  It  will  be  found  by 
pulling  the  pieces  of  paper  that  two  are  tight  and  two  are 
loose.  More  paper  should  be  put  under  the  loose  corners 
until  the  papers  at  the  four  corners  are  all  pinched  with  the 
same  pressure.  When  care  is  used,  it  is  possible  to  give  a 
very  even  bearing. 

51.  Use  of  a  Level. — When  a  surface  that  has  been 
removed  from  the  platen  after  planing  is  to  be  set  again,  it 
may  be  set  level  and  tested  by  the  use  of  the  surface  gauge. 
The  work  is  often  of  such  shape  that  the  surface  gauge 
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cannot  be  used.  In  such  cases,  a  spirit  level  may  be  employed'. 
When  the  level  is  used  for  setting  work,  the  platen  should 
first  be  tested  with  it  to  see  that  the  platen  itself  is  level. 
Planers  should  be  set  so  that  the  platen  is  level  in  the  direc- 
tion of  its  length  and  width.  If  the  platen  is  set  level,  the 
work  may  be  set  by  the  use  of  the  level. 

When  the  level  is  not  at  hand,  or  cannot  be  used,  a  tool 
may  be  clamped  in  the  head  and  adjusted  so  as  to  almost 
touch  the  work  at  one  corner.  The  work  can  then  be  moved 
under  the  tool  by  moving  the  machine,  preferably  by  hand, 
and  if  there  is  any  unevenness  in  height,  it  will  be  apparent. 


8PBCIAI.  JIGS  FOR  HOLDING  l^ORK. 

52.  When  there  are  a  number  of  pieces  to  be  finished,  it 
is  generally  preferable  to  make  a  special  Jig  for  holding  the 
work.  By  doing  this,  much  time  may  be  saved.  In  devi- 
sing special  jigs  for  holding  work,  the  aim  should  be  to  hold 
the  work  securely  and  accurately,  and  at  the  same  time  to 
have  the  jig  so  simple  that  the  work  may  be  changed  quickly 
and  easily. 

53*  Planiiifir  a  Number  of  PieceH  at  Once. — Much 
time  can  often  be  saved  by  setting  a  number  of  pieces  on 
the  platen  so  that  they  will  all  be  planed  at  the  same  time. 
This  is  especially  true  when  much  time  is  required  to  adjust 
the  tool  to  the  cut.  After  it  is  adjusted  to  one  piece  of 
work,  the  tool  runs  the  whole  length  of  the  table,  cutting 
each  piece  of  work  to  the  desired  shape. 

Fig.  33  shows  very  clearly  how  a  number  of  pieces  may 
be  set  on  the  platen  at  the  same  time  and  a  number  of  cuts 
taken  over  all  of  them.  In  this  case,  eleven  pump  frames 
with  cylinders  cast  on  their  ends  are  so  arranged  that  they 
may  all  be  planed  at  the  same  time.  Each  casting  is  care- 
fully set  and  clamped  in  place,  care  being  taken  in  setting 
that  the  space  between  them  is  as  small  as  possible.  The 
planer  used  has  four  heads.     The  two  heads  on  the  cross-rail 
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work  on  the  top  of  the  cylinders,  planing  the  valve  seats  and 
the  joint  for  the  steam  and  water  chests.  On  either  side, 
a  head  is  used  for  squaring  down  the  end  for  the  cylinder 
heads.     All  the  feeds  in  this  case  are  automatic. 


54.     Special  Jacks    or  Braces  for  HiKb  Work. — 

Fig.  34  shows  two  large  pillow-blocks  for  a  steam  engine 
supported  on  the  planer  while  a  cut  is  being  taken  off  their 
bottom  faces.  The  pieces,  being  quite  high  and  having 
narrow  bases,  have  a  tendency  to  tip  when  a  heavy  cut 
is  being  taken.  To  avoid  this,  after  the  work  is  set,  the 
special  planer  Jacks  shown  at  a  are  employed.  This 
particular  form  of  jack  is  very  convenient  for  this  and  simi- 
lar classes  of  work.  The  center  portion  is  a  piece  of  steam 
pipe  with  the  ends  squared.  A  knuckle  joint  b,  with  the 
ends  of  each  part  turned  so  that  one  end  will  fit  the  hole  in 
the  planer  and  the  other  end  fit  the  inside  of  the  pipe,  is  used 
in  one  end  of  the  jack,  while  in  the  other  end  the  threaded 
stem  of  the  V-shaped  block  c  is  fitted.     The  nut  d  on  the 
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stem  of  the  V  block  is  used  to  lengthen  the  jack  by  screwing 
it  against  the  end  of  the  pipe.  The  knuckle  joint  allows  the 
end  of  the  jack  to  be  attached  to  almost  any  place  on  the 
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platen,   and,    hence,    is    very  desirable.      By  using   ■ 
lengths  of  pipe,  the  jacks  may  be  used  for  a  wide  range  of 
work. 

55.  Example  of  Clamping  Heavy  ^^ork. — Fig,  35 
shows  a  piece  of  work  that,  because  of  its  peculiar  shape 
and  great  weight,  is  difficult  to  hold  on  the  platen  with- 
out some  special  device.  The  two  pieces  shown  are  the 
two  parts  of  the  frame  that  supports  the  cylinder  of  a  ver- 
tical engine.  A  yoke  a  is  here  used  to  support  the  upper 
ends  of  the  frames.  This  yoke  is  bolted  to  the  platen  and 
the  end  of  the  casting  rests  in  it.  The  flange  on  the  casting 
keeps  it  from  slipping  down,  while  setscrews  b  at  the  side  of 
the  yoke  are  used  for  adjusting  the  work.  The  lower  end  of 
the  casting  overhangs  the  table.     It  is  kept  from  slipping 
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along  the  platen,  when  a  cut  is  being  taken,  by  the  use  of  a 
heavy  bar  r,  which  is  bolted  to  the  platen.  A  setscrew  d  in 
the  end  of  the  bar  is  used  to  make  slight  adjustments  when 
setting  the  work  true.  Planer  jacks  ^,  e  are  also  used  to  keep 
the  work  from  slipping  and  tipping.  The  clamps  for  holding 
the  work  down  are  shown  at  f  and^.  When  such  heavy  work 
as  this  is  securely  braced  and  rests  fairly  on  a  special  fixture 
or  special  holding  device,  its  weight  helps  to  hold  it  down, 
so  that  very  heavy  clamps  are  not  necessary. 


TAKING  THE  CUT. 


PLANE  SURFACING. 

56«  The  Operation. — When  taking  a  cut  over  a  plane 
surface,  the  tool  is  rigidly  clamped  to  the  tool  block  so  that 
the  cutting  edge  projects  as  little  beyond  the  tool  block  as 
is  necessary  to  reach  the  work.  The  cross-rail  should  be 
adjusted  so  that  it  is  as  close  as  practicable  to  the  work  that 
passes  under  it;  after  adjusting,  it  should  be  clamped  rig- 
idly to  the  housings.  The  tool  is  adjusted  by  the  use  of  the 
down-feed  handle  /,  Fig.  1,  so  that  it  will  take  the  desired 
depth  of  cut.  The  tool  is  usually  at  first  fed  to  the  work 
by  hand,  by  a  feed-screw  operated  by  the  handle  //.  After 
the  cut  is  started  by  hand,  the  automatic  feed  is  thrown  in. 


PBBD-MOTION. 

57.  Action  of  tlie  Feed-Motion. — The  feed-mo- 
tion is  operated  by  the  rack  w.  Fig.  1,  at  the  side  of  the 
housing,  which  is  connected  with  the  disk  v  at  its  lower  end 
by  a  connecting-rod.  This  connecting-rod  is  pivoted  to  a 
block  that  slides  in  a  slot  cut  in  the  disk  v\  the  block  is 
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operated  by  the  screw  handle  m.  For  each  stroke  of  the 
planer,  the  disk  makes  a  partial  turn,  and  the  rack  will  be 
alternately  moved  up  and  down.  When  the  block  in  the  disk 
is  moved  to  the  end  of  the  slot,  the  rack  will  have  its  great- 
est travel.  As  the  block  is  moved  toward  the  center  of  the 
disk,  thfc  amount  of  throw  decreases  until  the  block  reaches 
the  center,  where  it  is  zero.  The  amount  of  throw  and  the 
movement  of  the  rack  determine  the  rate  of  feed. 


58.  Fig.  3G  shows  a  top  view  and  side  view  of  the 
details  of  the  feed-motion  at  the  end  of  the  cross-rail.  In 
the  top  view,  the  rack  u  is  shown  in  sec- 
tion. This  engages  with  the  gear  v, 
which  is  fixed  to  the  shaft  w.  This  shaft 
fits  the  bearing  and  passes  loosely  through 
the  gear  /.  The  outer  end  of  the  shaft 
carries  the  ratchet  wheel  x,  which,  by 
reason  of  being  keyed  to  it,  revolves 
with  the  shaft.  On  the  side  of  the  gear/ 
is  a  pawl_j',  which  engages  the  ratchet 
wheel  jv.  Gear  /  meshes  with  gear  s  on 
the  feed-screw.  When  the  rack  is  moved 
down,geari' revolves,  carrying  with  it  the 

n ratchet  wheel  jt  at  the  same  time.    When 

Sj"^  .i~vvj_  the  pawl  /  is  engaged,  the  wheel  /  is  car- 

ried forwards;  this  also  turns  the  gear  s 
and   the    feed-screw.     When  the  rack  « 

UT»v,»ji^  moves  upwards  again,  it  turns  the  gear  i' 

back,  but  the  pawl  /slips  over  the  ratchet 
wheel  X  ;  consequently,  the  feed-screw 
remains  at  rest.  With  the  next  stroke 
of  the  machine,  a  similar  movement  oc- 
curs. To  reverse  the  direction  of  the 
feed-motion,  the  pawl  is  reversed  so  that 
Fio.  88.  it.s  opposite   end  catches   in  the  ratchet 

wheel  .f.  The  feed  may  be  stopped  entirely  by  setting  the 
pawl  in  mid-position,  so  that  neither  end  engages  the  ratchet 
wheel. 
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PLANER   TOOLS. 

59.  The  Cutting:  Principle. — In  the  case  of  planer 
tools,  the  principles  underlying  the  cutting  operation  do  not 
differ  from  those  of  lathe  tools.  The  shape  of  the  tool  varies, 
and  is  determined  by  the  kind  of  metal  being  cut,  the  hard- 
ness of  the  metal,  and  whether  a  rough  or  a  finishing  cut  is 
being  taken. 

60.  Angles  of  Rake  and  Clearance.  —  Fig.  37 
shows  a  common  form  of  planer  tool.  The  angles  of  rake 
and  clearance  are  determined  as  fol- 
lows: Through  the  point  o  of  the  tool, 
Fig.  37  (^),  draw  the  line  a  b  parallel  to 
the  shank  of  the  tool;  at ^ draw  the  liner^ 
perpendicular  to  a  b.  Angle  d  o  f  then  is 
the  angle  of  front  rake  or  clearance.  The 
line  a  b\n  this  case  coincides  with  the  top 
face  of  the  tool;  this  shows  that  it  is  with- 
out top  front  rake.  Fig.  37  (^)  shows  a 
bottom  view  of  the  tool.-  The  line  ^//  is 
drawn  at  right  angles  to  the  line  of  mo- 
tion of  the  platen,  and  the  line  /'  /  is 
drawn  tangent  to  the  front  face  of  the 
tool ;  the  angle  h  v  f ,  then,  is  the  side  rake. 


Fio.  m. 


61*  Constant  Angles  of  Clear- 
ance.— It  will  be  seen  that  the  angle  of 
front  rake  or  clearance  cannot  be  varied 
by  setting  the  tool  at  different  heights 
relative  to  the  work,  as  is  the  case  with 
lathe  work.  With  the  planer,  the  shank 
of  the  tool  is  always  in  a  plane  i>erf)endicular  to  the  platen, 
and  whatever  angle  of  clearance  is  given  the  U>ol  in  for- 
ging or  grinding  remains  constant.  The  position  of  the 
tool  relative  to  the  work  corresfK>nds  to  that  of  a  lathe 
tool  when  the  point  is  set  level  with  the  center.  Tools 
for  the  planer  are  therefore  forged  with  from  3'  to 
clearance. 


5"  of 
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62.     Keenness  and   Strengtb. — The  keenness  of   the 
tool  depends  largely  on  the  angles  of  top  front  rake  and  top 
side  rake.     The   strength  of  the  tool  de- 
pends on  its  angle  of  clearance   and  the 
angles  of  top  rake. 

63.     Tools  for  Iron    and  Steel. — 

Tools  for  wrought  iron  and  steel  are  gen- 
erally given  more  keenness  than  those  used 
for  cast  iron.  It  will  be  noticed,  by  refer- 
ring to  Fig.  37,  that  the  tool  there  shown 
has  no  top  front  rake,  the  keenness  being 
given  by  increasing  the  angle  of  top  side 
rake.  This  tool  is  adapted  tp  roughing  cuts. 
""'  "■  For  finishing  cuts  on  cast  iron,  a   broad 

square-nosed  tool  is  used,  made  as  shown  in  Fig.  38.     For 
wrought  iron  or  steel,  the  point  is  flat  but  much  narrower. 


ROUGHING  AND  FINISHING  CUTa. 

64.  Depth  of  Cut. — In  planer  work,  as  in  lathe  work, 
rouffblns  and  flnlshlnc  cuts  are  taken.  The  first  cuts 
are  made  deep,  and  the  feed  is  consequently  fine  when 
compared  with  the  finishing  cut.  It  should,  however,  be  as 
heavy  as  the  tool  will  stand  without  heating  and  as  great 
as  the  machine  will  drive  without  danger  of  springing  or 
bending  the  work. 

65.  Feeds  for  Dl^erent  Metals.  —  Finishing  cuts 
should  always  be  light,  but  the  feed  depends  on  the  metal 
being  cut.  Wrought  iron  and  steel  usually  require  narrow 
feeds  for  finishing.  Cast  iron  can  be  finished  with  a  very 
broad  tool  and,  consequently,  a  feed  nearly  equal  to  the 
width  of  the  tool. 


66.     Cblpplns  the  Edce  of  tbe  Work.— When  taking 
a   roughing  cut,  there  is  a  tendency  for  the  tool  to  break 
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off  the  edge  of  the  work  just  as  the  tool  is  leaving  it.     This 

breaking  of  the  edge  often 

runs  much  below  the  finished 

surface,  and   causes  a   bad 

appearance  of  the  work.     It 

may  be  avoided  by  beveling 

the   edge   of   the   work,    as 

shown  at  b  in  Fig.  39.     The 

bevel  starts  at  the  line  that 

indicates   the   depth  of  cut  ^*°*  *' 

and  runs  back  at  an  angle  of  about  45**.     When  the  tool 

comes  to  the  beveled  edge,  the  force  of  the  cut  begins  to 

decrease,  so  that  by  the  time  the  tool  reaches  the  edge  of 

the  cut,  there  is  little  tendency  to  break  the  edge. 


»IDB  CUTS,  OR  DOWN   CUTS. 

67«  Operation. — Suppose  it  is  desired  to  finish  the 
sides  of  a  piece  square  with  the  finished  top.  This  may  be 
done  by  using  a  properly  shaped  tool  and  feeding  it  down 
over  the  sides  of  the  work.  Fig.  40  shows,  fastened  to  the 
platen,  a  piece  of  work  that  has  its  top  face  a  finished.  It 
is  desired  to  finish  the  sides  b  and  c  square  with  the  finished 
face  a,  A  bent,  round-nosed  tool,  shown  at  /,  may  be  used 
for  this  purpose.  It  is  set  in  the  tool  block  so  that  its  edge 
extends  far  enough  beyond  the  tool  clamps  to  pass  entirely 
over  the  cut  before  the  tool  block  reaches  the  work. 

68.  The  Tool  Block. — When  a  down  cut  is  to  be  made, 
it  is  necessary  to  swing  the  tool  block  to  one  side.  It  will 
be  seen,  by  reference  to  Fig.  1,  that  the  tool  block  and 
clamps  are  pivoted  on  a  pin  iv  in  the  head.  A  section  of 
the  head  is  given  in  Fig.  41.  When  the  tool  is  cutting, 
the  pressure  of  the  cut  holds  the  block  a  in  its  seat.  When 
the  pressure  of  the  cut  is  released  by  the  work  running 
back,  the  point  of  the  tool  is  free.  Since  the  tool  and  the 
block  move  about  the  pin  «/,  the  point  of  the  tool  swings  in 
an  arc  of  a  circle,  as  indicated  by  the  dotted  line  A  B,     This 
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allows  the  point  of  the  tool  to  lift  from  the  work  when  it  is 
not  cutting,  thus  avoiding  the  danger  of  breaking  the 
point.     This  applies  to  finishing  plane  horizontal  surfaces, 

69.     Swias  of  the  Tool. — When  cutting  a  aide  face, 
the  tool  tends  to  rise,  the  same  as  when  cutting  horizontal 


surfaces;  but  since  the  swing  of  the  tool  point  and  the  face 
of  the  work  are  in  the  same  vertical  plane,  the  tool  point  will 
rub  against  the  work  instead  of  swinging  away  from  it.  By 
loosening  the  bolts  e  and  f.  Fig.  40,  and  swinging  the  tool 
block  so  that  the  pin  is  inclined,  as  shown  by  the  line  A  B, 
the  tool  point  as  it  lifts  will  swing  in  a  plane  at  right  angles 
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to    the    line  of  the    pin  A  B,  or   in  the  plane   CD.     This 

plane  C  £•  is  at  an  angle  to  the  face  d  of  the  work;  hence 

as  soon  as  the  point  of 

the    tool   lifts    on   the 

backward   stroke,  it 

begins  to  swing  away 

from  the   face   of   the 

work. 

70.  When  planing 
a  surface  on  the  oppo- 
site side  of  the  work, 
as  the  surface  c,  the 
tool  block  must  be 
swiveled  in  a  direction 
opposite  to  that  shown 
in  Fig.  40.  If  a  cut 
should  be  attempted 
on  the  surface  c  with 

the  block  swung  as  shown  in  the  figure,  the  result  would 
be  that  when  the  work  runs  back  and  the  tool  begins  to 
lift,  it  would  swing  into  the  work  deeper  and  deeper  as  it 
lifted,  thus  catching  in  the  work  and  doing  damage.  When 
taking  a  down  cut  with  an  ordinary  forged  tool,  there  is  a 
tendency  for  it  to  spring  away  considerably  from  the  cut, 
much  the  same  as  a  long  boring  tool  on  a  lathe.  When- 
ever possible,  the  tool  should  be  made  very  heavy  and  rigid 
to  avoid  this. 


71.  TestlniE  the  Squareness  of  tbe  Head. — When 
making  down  cuts  that  are  intended  to  be  square  with  the 
top  face  of  the  platen,  the  down-feed  shdeof  the  head  should 
be  examined  to  see  that  it  is  perpendicular  with  the  platen. 
This  slide,  or  head,  ison  a  swiveled  base  clamped  to  the  saddle. 
It  can  usually  be  swung  around  lo  make  any  angle  with  a 
position  perpendicular  to  the  platen.  The  base  is  graduated ; 
when  set  perpendicular,  two  zero  marks  come  together.  If 
the  head   is  not  set  perpendicular,  it   may  be  loosened  by 
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unclamping  the  four  nuts  i;  I,  m,  and  «,  Fig.  40;  it  is  then 
adjusted  to  the  correct  position  and  clamped  again.  The 
squareness  of  the  head  and  the  truth  of  the  work  are  as- 
sured by  proceeding  in  the  following  manner:  A  finishing 
cut  is  taken  over  the  surface  a.  Fig.  40,  and  a  side  tool  sub- 
stituted and  a  finishing  cut  taken  down  the  face  or  side  b. 
A  try  square  is  applied  to  the  two  finished  surfaces,  and 
if  b  is  not  square  with  a,  the  vertical  slide  is  adjusted  and 
trial  cuts  made  until  b  does  come  square  with  a. 


CUTTING  BBVBLS. 

72.  Swlnfclng  the  Head. — When  a  beveled  cut,  that 
is,  a  cut  at  any  other  angle  to  the  surface  of  the  platen  than 
90°,  is  to  be  made,  the  head  is  swung  around  so  that  the 


line  of  down  feed  makes  the  desired  angle  with  the  table. 
Suppose  it  is  desired  to  bevel  a  piece  at  an  angle  of  60°  with 
the  top  of  the  platen.     Then,  as  the  zero  marks  coincide 
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when  the  down  feed  is  at  an  angle  of  90°  to  the  platen,  the 
head  must  be  set  to  90®  —  60°  =  30°  in  order  to  make  an  angle 
of  60°  with  the  surface  of  the  platen,  as  shown  in  Fig.  42. 

Some  planers  are  graduated  with  0°  at  the  sides  and  90° 
at  the  top,  while  others  have  0°  at  the  top  and  90°  at  the 
sides.  On  this  account,  care  must  be  taken  to  be  sure  that 
the  proper  angle  with  the  surface  of  the  platen  is  obtained. 

When  cutting  bevels,  the  tool  block  must  be  swung  around, 
as  shown  in  Fig  42.  A  very  easy  rule  to  remember  as  to 
the  way  the  tool  block  should  be  swung  when  making  side 
cuts  or  under  cuts  is  the  following: 

Rule. — Always  swing  the  top  of  the  tool  block  a'way 
from  the  plane  of  the  surface  to  be  planed. 

73.  Attention  is  here  called  to  the  fact  that  in  making 
down  cuts,  especially  in  roughing  cuts,  the  tool  should 
invariably  be  fed  downwards  while  cutting,  but  never 
upwards.  On  a  fine  finishing  cut,  this  is  not  so  essential. 
The  reason  for  this  is  that  when  feeding  upwards,  the  tool, 
during  the  backward  motion  of  the  work,  is  liable  to  catch 
'  in  the  work  before  it  has  time  to  swing  clear  of  the  latter. 


VARIOUS  8HAPB8  OF  PLANER  TOOLS. 

74.  Forged  Roustilns  Tool. — The  ordinary  form  of 
planer  tool  is  forged  from  the  bar.  These  tools  are  given 
various  degrees  of 
rake  and  clearance, 
depending  on  the 
hardness  of  the  work 
and  the  nature  of  the 
cut.     When  the  cuts  F'o-  «• 

to  be  taken  are  very  heavy,  the  roughing  tool  is  usually 
beveled  at  the  cutting  edge,  as  shown  in  Fig.  43.  Here  the 
cutting  is  done  entirely  along  the  edge  tangent  to  the 
line  A  B\  the  edge  tangent  \.o  C  D  nearly  coincides  with 
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the  shank  of  the  tool.  This  same  style  of  tool  with  the 
point  bent  to  one  side  is  used  for  a  right-hand  or  left-hand 
side  tool,  depending  on  the  direction  of  the  bend. 

75.     Forged  Stralgtit-edsed  Side  Tool.— Fig.  44  (a) 

shows  a  form  of  side  tool  for  heavy  work.  The  tool  is 
forged  thin  along  its  cutting  edge  A  B  and  tapers  so  that  it 
is  thick  at  the  back,  to  give  it  strength.  The  side  face  c  is 
ground  straight  and  with  enough  clearance  so  that  the  tool 
can  be  made  to  cut  along  its  entire  edge.  It  will  be  noticed 
that  the  line  of  the  cutting  edge  A  B  slopes  from  the  shank 


Fig.  44. 


of  the  tool.  This  is  desirable,  as  it  gives  less  shock  to  the 
tool  and  the  work  when  starting  a  cut.  When  the  edge 
starts  to  cut  the  work,  it  begins  gently  near  the  corner  B 
and  the  width  of  cut  gradually  increases  until  a  full  cut  is 
being  taken.  At  the  end  of  the  stroke,  the  tool  gradually 
runs  out  of  the  cut  with  the  same  ease.  Another  advantage 
of  the  sloping  edge  is  that  the  cut  has  a  shearing  action  that 
tends  to  push,  the  work  down  on  the  platen,  so  that  there  is 
less  danger  of  the  work  slipping.  Fig.  44  (^)  shows  a  side 
tool  for  finishing  work  and  for  planing  in  confined  positions. 

76.  Tool  Holders. — For  many  classes  of  planer  work, 
it  is  possible  to  use  special  tool  holders  with  inserted 
blades,  which  will  take  the  place  of  the  more  costly  solid 
forged  tools.  The  self-hardening  steel  gives  excellent  re- 
sults on  planer  work,  especially  for  roughing  cuts. 
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Various  forms  of  tool  holders  have  been  devised.  Those 
with  stiff  shanks,  which  hold  the  blade  very 
rigidly,  ^ive  the  best  satisfaction.  Fig.  45 
shows  a  common  form  of  planer  tool  holder. 
With  this  style  of  holder,  the  blade  may  be  set 
in  line  with  the  shank  fur  flat  surfaces,  or  it  may 
be  turned  to  cither  side  for  right-hand  or  left- 
hand  side  cutting.  In  many  cases,  it  is  well  to 
reverse  the  tool,  so  that  the  shank  is  in  adi'ance 
of  the  blade.  This  is  done  to  avoid  the  danger 
of  the  tool  springing  into  the  work  or  chatter- 
ing, which  is  likely  to  occur  when  the  cutting 
edge  is  in  advance  of  the  point  of  support,  or  | 
when  the  cutting  edge  is  broad. 

77.     Spring  of  Planer  Tools. — In  ordi- 
nary planer  tools,  there  is  quite  a  tendency  for        f'o**- 
the  tool  to  spring  more  or  less  into  the  work  as  it  bends.     It 
may  be  seen  in  Pig.  4(i  that   as  the   tool    bends   about   the 
point  a,  the  point  of  the  tool  follows  the  arc  A  Boi  s,  circle 


struck  from  rr  as  a  center.  This  arc  cuts  quite  deeply  into 
the  work.  If  the  tool  is  shaped  as  in  Fig.  40,  whcri;  the  cutting 
edge  is  considerably  in  advance  of  the  point  of  support,  the 
tendency  to  spring  into  the  work  is  greatest ;  it  becomes  less 
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as  the  cutting  edge  is  brought  nearer  to  the  point  of  sup- 
port. This  tendency  to  spring  in  or  chatter  is  more  or  less 
overcome  by  the  use  of  underhung  tools  shown  in  Fig.  47. 
In  this  tool,  the  shank  is  bent  so  that  the  cutting  edge  comes 
nearly  under  the  point  of  support  a.  When  this  tool  bends 
or  springs,  its  point  follows  in  the  arc  A  B  oi  z.  circle 
struck  from  a  as  a  center;  this  circle  is  tangent  to  the  sur- 
face of  the  work  at  the  point  of  the  tool.     Any  tendency  to 


spring  into  the  work  with  such  a  tool  as  this  is  due  to  the 
looseness  of  the  saddle  on  the  cross-rail  and  on  the  slide. 
Such  a  looseness  would  cause  the  whole  head  to  spring  about 
a  center  very  near  the  location  of  point  b.  When  the  head 
springs  about  this  point  as  a  center,  the  tool  again  has  a 
tendency  to  spring  into  the  work  by  following  in  the  arcEF 
of  a  circle  struck  from  i  as  a  center. 

78.  It  is  not  uncommon  to  find  a  tool  made  in  the  shape 
shown  in  Fig.  48  for  the  purpose  of  extending  the  good 
qualities  of  the  imderhung  tool  sufficiently  to  overcome  all 
tendency  to  spring  into  the  work.  As  the  tool  bends  about 
the  point  a,  it  at  once  springs  away  from  the  work,  and,  by 
having  the  cutting  edge  so  far  back  that  it   comes   more 
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nearly  under  the  point  b,  the  point  of  spring  of  the  head,  the 
tool  will  not  spring  into  the  work.  This  tool  will  work 
all  right  on  the  forward  cut,  but  when  the  planer  is  reversed, 
the  tool  and  tool  block  tend  to  lift  and  swing  about  the 


point  c.  This  at  once  gives  trouble,  since  the  tool  point 
must  follow  the  arc  C  D  struck  from  <-  as  a  center,  moving 
from  D  toward  C  and  thus  pressing  the  point  of  the  tool 
into  the  work  until  it  is  broken  off.  This  difficulty  may  be 
overcome  by  lifting  up  the  tool  block  on  the  return  stroke. 


79.  Special  Pormn  of  Finishing  Tools. — Pig.  49 
shows  three  forming  tools  with  underhung  blades  for  finishing 
cast  iron.  Fig.  49  (a)  is  used  for  finishing  a  very  broad,  flat 
surface  and  a  rounded  corner  at  the  same  time;  ^i:  is  the  cut- 
ting edge.  The  large  shank  d  is  held  in  the  tool  clamp;  the 
blade  a  is  bolted  to  the  shank  with  capscrews.  In  Fig,  49  {b) 
the  blade  a  is  fastened  by  a  single  capscrew,  so  that  the 
blade  may  be  rotated.  As  soon  as  one  edge  becomes  dull, 
the  blade  may  be  given  a  quarter  turn  on  the  holder,  thus 
presenting  a  sharp  edge  to  the  work,  so  that,  when  the  tool 
is  once  sharpened,  all  four  edges  may  be  used  before  re- 
sharpening  becomes  necessary.     Fig.  49  (c)  shows  the  same 
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style  of  tool  with  a  circular  cutter  used  for  forming 
circular  grooves.  This  cutter  may  also  be  rotated  on  the 
clamping  bolt,  so  that  after  a  part  of  the  edge  has  become 
dull,  a  partial  tuvn  of  the  cutter  will  present  a  sharp  edge  to 


the  work.  This  form  of  circular  cutter  is  easily  made  by 
turning  it  in  the  lathe.  After  it  is  hardened,  it  may  be 
sharpened  on  the  grinding  machine,  revolving  it  upon  an 
arbor.  With  this  style  of  tool,  cutter  blades  of  any  irregular 
outline  may  be  used  for  forming  work. 


MAKINC  UrvnERCUTS. 

80.  SprlojE  of  the  Tool. — When  making  undercuts, 
or  when  cutting  T  slots,  the  results  of  the  springing  of  the 
tool  are  reversed.  In  Fig.  40  it  was  shown  that'when  the 
tool  bent,  it  sprung  down  into  the  work,  the  top  of  which 
is  represented  by  the  line  w  k.  If  this  line  is  assumed  to 
represent  the  under  surface  of  a  piece  of  work,  it  will  be 
seen  that  during  a  cut  when  the  tool  springs  down  in 
the  arc  A  B,  it  will  spring  away  from  the  work,  and  on  the 
return  stroke  the  tool  block  will  lift  and  swing  the  point  of 
the  tool  in  the  arc  CD,  thus  throwing  the  tool  into  the 
work  and  causing  it  to  catch  and  lift  the  work  off  the  table, 
or  break  the  tool. 

81.  Blocking  the  Tool. — When  an  ordinary  bent  tool 
is  used  for  undercutting,  the  tool  must  be  blocked  so  that  it 
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will  not  spring  back 
on  the  return  stroke. 
This  may  be  accom- 
plished by  having  the 
shank  of  the  tool  long 
enough  that  a  block 
may  be  driven  be- 
tween it  and  the  haad  ; 
this  will  keep  the  point 
from  rising. 

82.    CuttlHK  T 

Slots. — ^When  cutting 
T  slots,  a  tool  made 
as  shown  ill  Fig.  50 
may  be  used;  the  tool 
must  then  be  blocked 
in  some  convenient 
way  to  prevent  it 
from  rising  during 
the  backward  stroke. 
Instead  of  blocking 
the  tool,  it  is  better 
to  make  the  stroke  of 
the  planer  long  enough 
so  that  the  tool  will 
pass  some  distance  out 
of  the  slot  at  each  end. 
When  the  machine  is 
on  the  return  stroke, 
the  tool  may  be  held 
up  by  swinging  the 
tool  block  upwards  to 
allow  the  tool  to  pass 
over  the  work;  the 
tool  is  dropped  again 
at  the  beginning  of 
the  next  stroke. 


(V8fia6( 
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A  simple  device  to  take  the  place  of  the  hand  for  holding 
the  tool  up  is  shown  in  Fig.  51.  Two  pieces  of  sheet  metal 
are  hinged  together  at  a;  one  piece  is  fastened  to  the  tool 
and  the  other  piece  b  is  left  free  to  swing.  When  a  cut  is 
being  taken,  the  loose  end  d  drags  on  the  work,  as  shown  in 
Fig.  51  (a).  As  soon  as  the  tool  and  the  hinged  part  6  pass 
by  the  work,  the  part  6  drops  down.  On  the  return  stroke, 
it  strikes  the  end  of  the  work  and  lifts  the  tool  up,  as 
shown  in  Fig.  51  (A),  so  that  it  drags  over  the  top.  When 
the  cut  again  starts,  the  tool  enters  the  slot  while  part  6 
drags  over  the  work  as  before. 

83.  Special  Tool  for  Undercuts. — For  some  heavy 
undercutting,  a  heavy  bar  is  clamped  in  the  tool  clamp. 
This  bar  is  fitted  with  a  special  tool  block  at  its  lower  end, 
which  carries  a  small  tool  and  is  so  arranged  that,  at  the 
backward  stroke  of  the  planer,  it  allows  the  tool  to  spring 
away  from  the  cut.  The  side  heads  usually  answer  much 
better  for  undercutting  and  also  for  side  facing. 


PLANER,   SHAPER,  AND 
BLOTTER   WORK. 


(PART  2.) 


^WORK  OF  THE  PLANER. 


CUTTING  SPEED  OF  THE  PLANER. 

1.  Limit  of  speed. — The  cutting  speed  of  planer  tools 
is  governed  by  the  same  laws  that  govern  the  speed  of  lathe 
tools.  The  speed  must  not  be  so  high  as  to  cause  the  tool  to 
heat  and  to  become  dull  too  quickly.  It  should  vary  with  the 
hardness  of  the  metal  cut,  the  kind  of  metal,  and  with  the 
kind  of  cut,  that  is,  it  should  in  general  be  slower  for  a 
roughing  cut  than  for  a  finishing  cut. 

2.  Constant  Speed. — With  the  ordinary  planer,  there 
is  no  way  of  varying  the  cutting  speed  after  it  has  once  been 
determined  and  the  machine  has  been  erected.  In  belting 
a  new  planer,  a  cutting  speed  is  selected  that  is  slow  enough 
for  very  hard  metals  and  heavy  cuts,  and  ever  after  the 
planer  must  run  at  that  same  slow  speed,  whether  it  be  used 
for  planing  steel  or  for  finishing  a  brass  casting.  This  puts 
the  planer  at  a  disadvantage.  In  order  to  make  planers 
suitable  for  hard  metal  and  heavy  cuts,  they  are  usually 
belted  to  run  at  a  speed  of  from  18  to  20  feet  per  minute. 

§9 
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3.  Variable  Speed. — When  a  variable-speed  device 
can  be  applied  to  the  planer,  so  that  the  speed  may  be 
readily  changed  to  accommodate  the  varying  conditions,  it 
causes  a  very  great  saving  in  time  on  many  classes  of  work. 

4.  One  style  of  a  variable-speed  countershaft  is  shown  in 
Fig.  1.  A  rectangular  frame  supports  two  parallel  shafts 
a  and  b.  Each  shaft  is  fitted  with  two  cones  r,  c  and  rf,  d^ 
which  are  forced  to  rotate  with  the  shafts,  but  can  be 
moved  along  them.  The  apexes  of  the  cones  are  toward 
each  other.     The  cones  are  held  in  position  by  means  of  the 


FlO.  1. 

bars  ^,  Cy  which  are  pivoted  to  the  frame  at  the  points  /",  /". 
When  these  tars  are  placed  with  their  ends  g^  g  in  the  posi- 
tion shown  in  the  figure,  the  two  cones  r,  c  on  the  shaft  a 
are  moved  together,  while  the  cones  d^  don  the  shaft  b  are 
moved  apart.  An  endless  belt  //  h  runs  between  these  cones 
and  transmits  power  from  one  shaft  to  the  other.  This  belt 
is  kept  from  squeezing  down  between  the  cones  by  blocks 
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of  wood  fastened  across  the  belt.  Power  from  the  line  shaft 
is  transmitted  by  a  belt  to  the  pulley/,  which  drives  the 
shaft  #  and  the  cones  d,  d.  When  in  the  position  shown, 
that  is,  when  the  cones  d,  d  are  far  apart  on  the  shaft  b,  the 
btlt  h  is  quite  close  to  the  shaft.  Consequently,  the  belt  is 
driven  at  a  slow  rate  of  speed,  or  just  as  if  it  were  mounted 
on.  a  small  driving  pulley.  The  cones  c,  c  on  the  shaft  a  are 
close  together,  and  the  belt  k  takes  a  position  near  their 


Pia.  3. 
circumference.  In  consequence  of  this,  the  -shaft  a  will  be 
driven  at  a  lower  speed  than  the  shaft  b.  Now,  let  the 
cones  c,  c  be  moved  apart.  This  operation  brings  the  cones 
d,  (/nearer  to  each  other,  and  the  belt  h  will  come  nearer 
the  center  of  the  shaft  a  and  will  move  farther  away  from 
the  center  of  the  shaft  b.  This  causes  the  shaft  a  to  revolve 
faster. 
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5.  A  variable-speed  countershaft,  applied  to  a  planer,  is 
shown  in  Fig.  2.  The  reversing  pulley  r.  Figs.  1  and  2,  is 
put  on  the  constant-speed  shaft  ^,  Fig.  1,  thus  giving  a  con- 
stant-speed return  motion  to  the  planer.  The  driving  pul- 
ley s,  Figs.  1  and  2,  for  the  forward  motion  of  the  planer,  is 
on  the  variable-speed  shaft  a,  Fig.  1.  The  sprocket  wheel  /, 
which  is  operated  from  below  with  a  link  chain,  is  fast- 
ened to  a  right-and-left-hand  screwy.  Fig.  1,  by  means  of 
which  the  bars  ^,  e  are  rotated  about  y,  /*in  order  to  obtain 
any  desired  rate  of  speed.  With  this  device,  it  is  possible 
to  adjust  the  speed  of  a  planer  to  suit  the  conditions  of 
work,  as  is  done  in  lathe  work.  In  some  cases  a  planer  is 
driven  by  a  pair  of  cone  pulleys,  which  afford  several 
changes  of  speed.  ^ 

ACCURACY  OF  PLANER  WORK. 

6.  Erecting  a  Planer. — In  erecting  a  new  planer,  it 
should  be  set  on  a  brick  or  stone  foundation;  the  platen 
should  be  removed,  and  the  bed  carefully  leveled  by  testing 
the  V  guides.  Care  should  be  taken  that  the  ends  of  the  bed 
rest  fairly  on  the  foundation,  so  that  there  will  be  no  tend- 
ency to  twist  the  bed  or  put  it  in  wind,  as  it  is  called.  If  the 
planer  is  well  set  at  first,  it  will  remain  true  for  a  long  time. 

7»  Error  in  tlie  Platen. — When  a  planer  is  used, 
the  platen  is,  in  course  of  time,  sprung  more  or  less  out  of 
true  by  driving  in  stop-pins,  the  careless  handling  of  work, 
and  the  general  hammering  that  the  top  of  a  platen  will  re- 
ceive. All  these  abuses  tend  to  peen  the  top  of  the  platen ; 
this  tends  to  stretch  it  and  often  causes  it  to  spring  up  con- 
siderably in  the  middle.  When  the  platen  springs  up  in  the 
middle,  it  bears  only  on  its  ends,  and,  when  taking  a  long 
cut  where  the  end  of  the  platen  runs  over  the  end  of  the 
bed,  it  allows  the  ends  of  the  platen  to  drop  down.  It 
may  be  seen  that  when  this  occurs,  it  is  impossible  to  plane 
work  straight  and  true. 

In  such  a  case,  the  platen  should  have  a  light  cut  taken 
over  its  top  surface  to  make  it  true.     When  taking  a  cut  to 
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true  a  platen,  the  first  cut  should  never  be  deep  enough  to 
cut  its  entire  length.  It  is  better  to  take  a  number  of  light 
cuts  for  the  following  rea.son:  If  a  heavy  cut  is  taken  at  the 
beginning,  it  will  be  found,  as  the  cut  proceeds,  that  the 
tension  in  the  top  of  the  platen  is  gradually  released  and 
that  the  platen  will  slowly  spring  back  to  its  natural  shape, 
so  that  by  the  time  the  cut  has  been  fed  across,  the  platen 
has  sprung  back  to  its  original  shape  and  the  front  edge, 
which  was  made  .straight  at  the  beginning,  will  be  found  to 
be  concave.  Another  light  cut  will  be  necessary  to  finish 
the  platen  straight  and  true. 

Before  taking  a  cut  over  a  planer  table,  the  cross-rail 
should  be  tested  for  alinement  with  the  ways,  and  if  not 
in  perfect  condition  it  should  be  adjusted  to  the  ways  and 
not  to  the  table.  This  always  insures  the  accuracy  of 
angles  and  parallelism  of  work  done  on  the  machine. 

8.  Error  in  the  CroHs-Rail. — Before  a  planer  platen 
is  trued  by  planing,  the  cross-rail  should  be  tested  to  see  if 
it  is  level  and  parallel  with  the  platen.  The  cross-rail  is 
raised  or  lowered,  and  kept  level  by  the  elevating  screws  in 
the  housings.  These  screws  have  the  same  pitch,  so  that 
when  the  cross-rail  is  moved,  each  end  moves  the  same 
amount;  the  cross-rail  is  thus  kept  parallel  with  the  bed. 
It  sometimes  happens  that  heavy  cuts  are  taken  when  the 
cross-rail  is  not  securely  clamped  to  the  housings;  a  strain 
is  then  brought  upon  the  elevating  screws  and  the  nuts, 
which  throws  the  cross-rail  out  of  adjustment.  When  the 
cross-rail  is  not  parallel  to  the  platen,  it  will  cause  the  work 
to  be  planed  thicker  at  one  edge  than  at  the  other.  The 
cross-rail  may  be  easily  tested  by  adjusting  a  tool  in  the 
head  so  that  the  tool  just  touches  the  top  of  the  platen 
at  one  edge;  by  moving  the  head  across  the  platen,  any 
lack  of  parallelism  may  be  detected.  In  this  same  way,  the 
platen  may  also  be  tested  at  various  points  along  its  length 
by  moving  it  by  hand  to  various  positions  and  running  the 
tool  across.  It  will  be  understood  that  the  sftting  of  the 
tool  must  not  be  disturbed  while  testing  the  platen. 
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9*  Spring  of  Machine. — In  some  of  the  old  designs  of 
planers,  the  bed  and  housings  were  exceedingly  light  when 
compared  with  the  rigidity  of  design  shown  in  the  modern 
planer.  With  the  modern  planer  in  good  adjustment,  there 
is  little  danger  of  error  due  to  the  distortion  or  spring  of 
the  machine,  at  least  when  taking  light  finishing  cuts.  If 
the  cross-rail  or  the  head  is  loose,  there  is  danger  of  the  tool 
springing  into  the  work. 

10.  Spring  of  Work  Due  to  Clamping. — Thq  great- 
est error  is  usually  due  to  the  spring  of  the  work,  which  is  not 
only  caused  by  improper  clamping,  but  also  by  the  releasing 
of  internal  stresses  that  have  been  set  up  in  casting  or  for- 
ging. This  point  is  here  again  emphasized,  as  a  serious 
distortion  of  the  work  may  be  produced  with  very  slight 
pressure. 

11.  Spring   of  Work    Due   to  Its  Weight.  —  The 

weight  itself  of  the  piece  is  often  sufficient  to  cause  a  consider- 
abledeflection.  Suppose  a  long  cast-iron  piece  similar  in  shape 
to  the  bed  of  the  planer,  as,  for  instance,  that  shown  in  Fig.  3, 
is  supported  only  at  its  two  ends.  Assume  that  the  clamps 
are  applied  carefully,  so  that  the  work  is  not  sprung  in  clamp- 
ing, but  that  the  piece  is  left  unsupported  at  the  center. 
Then,   the  weight  of   the  work  in  this  case  will  cause  it 
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to  bend  down  considerably  in  the  center.  When  the  tool 
presses  on  the  top  in  taking  a  cut,  the  pressure  of  the  tool 
will  still  further  press  the  center  of  the  work  downwards. 
The  result  will  be  that  if  the  piece  is  turned  over  on  its 
side,  it  will  be  relieved  of  the  weight  that  tended  to  deflect 
it;  the  finished  face  will  then  be  found  to  be  far  from 
straight.  In  such  a  case  as  this,  jacks  or  supports  should 
be  put  under  the  work  to  support  it  throughout  its  length. 
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12«  Internal  Stresses. — Another  source  of  error  that 
prevents  a  planer  from  planing  a  straight  surface  is  that 
which  arises  in  cast  or  forged  work  from  the  releasing  of 
internal  stresses;  these  stresses  are  created  in  castings 
and  forgings  by  uneven  cooling  of  the  pieces.  There  is  a 
surface  tension  in  the  skin,  or  scale,  of  the  casting  or  for- 
ging, and  usually  there  also  exist  local  stresses,  due  to  uneven 
hammering  or  cooling  of  the  piece,  which  tend  to  warp  it  out 
of  shape.  These  stresses  usually  act  in  different  directions, 
with  t-he  result  that  when  one  is  removed,  the  remaining 
stresses  cause  the  piece  to  change  slightly  in  shape.  The 
action  of  these  internal  stresses  manifests  itself  very  strongly 
when  finishing  a  long,  thin  casting  to  be  straight  and  par- 
allel. 

Suppose  a  casting  is  straight,  so  that  when  it  is  laid  on 
the  platen  it  has  a  fair  bearing.  Suppose  it  is  clamped  care- 
fully and  a  cut  is  taken  over  the  top  so  that  it  is  straight. 
Upon  removing  the  clamps,  the  piece  may  spring  up  in 
the  center,  as  shown  somewhat  exaggerated  in  Fig.  4  {a). 


Before  the  piece  was  planed,  the  surface  tension  in  the  two 
sides  a  and  d  was  about  equal ;  consequently,  the  piece  re- 
mained straight.  Upon  taking  a  cut  over  one  side,  as  d,  part 
of  the  surface  was  removed  and,  consequently,  a  part  of  the 
surface  tension  was  relieved.    The  side  a  being  now  under  the 


8     PLANER,  SHAPER,  AND  SLOTTER  WORK.    §  9 

greater  surface  tension,  the  result  is  a  bending  of  the  work, 
as  shown.  If  the  piece  is  turned  over,  as  shown  in  Fig.  4  (^), 
and  carefully  clamped  with  pieces  under  the  ends,  so  that 
It  will  not  be  sprung  in  clamping,  and  if  a  cut  is  now  taken 
over  the  surface  a  as  deep  as  the  cut  taken  over  the  sur- 
face by  it  will  be  found  upon  releasing  the  clamps  that  the 
work  will  again  change  its  form,  this  time  springing  back  to 
about  its  normal  shape.  The  face  b  will  again  be  nearly 
straight  and  the  face  a  curved,  as  shown  in  Fig.  4  {c).  After 
the  first  cuts  are  taken  and  the  skin  is  removed,  there  is  less 
tendency  for  the  work  to  change  its  shape.  Because  of  this 
change  of  form  in  work,  due  to  the  removal  of  the  surface 
tension,  it  is  always  desirable  to  take  all  the  roughing  cuts 
before  any  finishing  cuts  are  taken.  If  the  work  is  very 
thick  and  heavy,  and  the  surfaces  are  small,  there  is  less 
danger  of  the  work  changing  its  shape  than  on  light,  thin 
work  that  is  machined  all  over.  It  is  a  good  rule,  however, 
whenever  it  is  possible,  to  rough  out  the  work  all  over  before 
any  finishing  cuts  are  taken. 


SPECIAL.  PLANER  JOBS. 

13.  Work  Too  Lonfc  for  the  Platen. — A  job  oc- 
casionally occurs  that  is  too  large  to  be  handled  upon  the 
planer  in  the  ordinary  way.  In  such  cases,  special  rigs  or 
devices  must  be  used  in  order  that  the  job  may  be  success- 
fully carried  through.  The  operation  of  planing  pieces 
longer  than  the  stroke  of  the  planer  is  quite  common.  When 
this  is  done,  one  end  of  the  work  is  clamped  to  the  platen 
while  the  other  end  extends  beyond;  it  is  supported  on 
bearings  or  rollers  when  the  free  end  overhangs  very  much. 
After  one  end  is  planed,  the  work  is  moved  along  the  platen 
so  that  the  finished  part  projects;  the  unfinished  part  is 
then  planed.  In  a  job  of  this  kind,  considerable  skill  and 
care  is  necessary  in  resetting  the  work,  so  that  the  two 
parts  when  finished  will  be  as  true  as  though  it  had  been 
planed  without  any  resetting. 
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14.     wrork  Too  W^ld«   for  the  HouslnKs When 

work  is  too  wide  to  pass  between  the  housings  and  is  not 
very  long,  a  special  extension  head  may  be  made  as  shown 
in  Fig.  5.  Here  a  bracket  a  has  been  made  and  fitted  to  the 
slide  of  the  down  feed;  the  tool  block  b  is  then  attached  to 


Fio.  s. 

the  outer  end  of  the  extension  head.  The  bracket  is  made 
long  enough  to  reach  over  the  work  when  the  latter  is  very 
close  to  the  housings.  The  spring  of  the  long  arm  and  the 
lack  of  rigidity  in  the  cross-rail  make  it  rather  difficult  to 
lake  a  heavy  cut;  the  device  will  do  the  work,  however, 
when  no  better  means  are  at  hand. 

IS.     Special  Rig  for  Planing  Curved  SurfacvM. — 

For  some  kinds  of  work,  special  devlceitand  rlc*  niay  Im; 
devised  to  save  much  time.  Fig.  6  shows  an  end  view  of  a 
planer  fitted  with  a  rig  devised  for  planing  aiiurverl  Kiirfarc 
The  work  there  shown  at  c  is  the  base  of  a  dome,  which  is  to 
be  planed  to  fit  the  cylindrical  part  of  a  locomotive  \><i\\f.r. 
A  special  long  head  fi  is  pivoted  above  the  work  at  thcfHiint  h; 
the  distance  from  the  point  of  the  t<x;l  to  the  ftiti^nim  b  \* 
made  equal  to  the  radius  of  the  boiler.  The  regular  plaritrr 
head  with  the  down  feed  is  attached  to  the  lower  end  ni  tlic 
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head,  which  is  gibbed  to  the  curved  part  of  the  cross-rail 
so  that  it  can  slide  freely  as  it  swings  about  the  center  b. 
In  operation,  the  cross-feed  motion  is  used  as  in  ordinary 
planing;    the  tool  is  adjusted  to  the  work  by  the  regular 


FlO.  6. 

down  feed.  A  curved  surface  having  a  predetermined  ra- 
dius of  curvature  is  produced  by  this  device  with  the  same 
ease  that  a  flat  surface  is  planed  on  an  ordinary  planer. 

16*     Special  Gauges  for  Setting  Planer  Tools. — 

When  many  pieces  are  to  be  planed  to  the  same  size  and 
shape  on  the  same  planer,  and  when  the  faces  to  be  finished 
are  somewhat  complicated,  which  involves  careful  adjust- 
ment of  the  tool  for  each  piece,  a  special  ^auKe  may  be 
.used  for  setting  the  tool.  As  an  illustration  of  the  application 
of  such  a  device,  a  tool-setting  gauge  used  in  planing  lathe 
beds  is  here  given.  When  a  lot  of  lathe  beds  of  the  same 
size  are  to  be  made,  they  are  usually  required  to  be  planed 
alike.     The  problem  of  planing  the  top  of  a  lathe  bed  with 
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four  V-shaped  ways  on  it  so  that  the  ways  are  accurately 
located  in  reference  to  one  another,  is  one  that  requires 
considerable  care  in  the  setting  of  the  tool.  The  prob- 
lem naturally  becomes  more  difficult  when  a  number  of 
lathe  beds  are  to  be  planed  so  that  the  ways  are  exactly 
alike  on  all  of  them.  It  can  be  solved  very  readily,  how- 
ever, by  the  use  of  a  tool-setting  gauge  made  to  the  correct 


cross-section  of  a  finished  lathe  bed.  This  gauge  a,  which 
may  be  made  of  cast  iron,  is  bolted  to  the  platen  in  line  with 
the  lathe-bed  casting,  as  shown  in  Fig.  7  (a);  space  enough 
is  left  between  it  and  the  end  of  the  work  for  the  planer  to 
reverse  without  the  tool  touching  the  gauge.  After  the 
work  is  roughed  out,  the  platen  is  run  back  far  enough  so 
that  the  tool  is  brought  directly  over  the  gauge. 

Suppose  it  is  desired  to  finish  the  outer  side  of  one  of  the 
Vs.  The  tool  is  then  adjusted  so  that  it  just  pinches  a 
piece  of  tissue  paper  placed  between  it  and  the  gauge,  as 
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shown  in  Fig.  7  (^),  the  head  having  been  previously  set  to 
plane  the  correct  bevel.  The  tool  is  now  fed  up  away  from 
the  gauge,  and,  after  the  stroke  of  the  platen  is  adjusted  to 
cut  the  correct  length,  the  tool  is  fed  down  over  the  face  of 
the  work  in  the  direction  of  the  arrow  in  Fig.  7  {d).  In  a 
similar  manner,  the  tool  is  set 'for  each  of  the  other  faces, 
and  the  work  is  thus  planed  in  accordance  with  the  gauge. 
By  setting  the  tool  with  a  piece  of  paper  between  it  and  the 
gauge,  the  tool  can  be  carefully  adjusted  to  the  gauge;  at 
the  same  time,  a  slight  amount  is  left  to  be  removed  in 
filing  and  fitting.  It  may  be  seen  that,  by  the  use  of  a  tool- 
setting  gauge,  all  the  beds  planed  will  be  alike;  furthermore, 
the  tool  can  be  easily  and  quickly  set. 

1  7.  General  Remarks. — There  are  no  general  rules 
applicable  to  all  cases  that  can  be  given  for  setting  work  on 
the  platen  of  the  planer  and  clamping  it  thereto.  A  number 
of  different  examples  have  been  given  that  will  be  of  aid  in 
selecting  a  method  of  setting  and  clamping  work.  Con- 
siderable ingenuity  will  often  be  required  in  the  setting  of 
complicated  work,  and  much  originality  is  called  for,  and 
can  be  shown,  in  the  application  of  clamping  devices  and 
the  designing  of  special  devices  to  aid  or  facilitate  the 
planing  of  the  work. 


WORK  OF  THE  SHAPER. 


THE   MACHINE. 

18.  Similarity  to  the  Planer. — The  duty  of  the 
aliaper  is  to  produce  flat  surfaces.  It  is  adapted  to  about 
the  same  class  of  work  as  the  planer;  in  fact,  in  many 
cases,  a  piece  of  work  can  be  done  with  equal  ease  on  either 
machine. 

The  points  in  which  the  action  of  a  planer  and  a  shaper 
differ  are  as  follows:  In  the  planer,  the  too/  is  stationary 
during  the  stroke,  and  the  work  is  moved  along  under  it  in 
order  to  take  a  cut.     In  the  shaper,  the  7vork  is  stationary 
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during  the  cut,  while  the  tool  passes  over  it.  In  the  planer, 
the  tool  feeds  sidewise  during  the  return  stroke  of  the  work ; 
in  the  column  shaper,  the  work  feeds  sidewise  during  the 
return  stroke  of  the  tool. 

The  shaper  is  generally  adapted  to  a  lighter  class  of  work 
than  the  planer,  or  for  work  that  does  not  require  a  long 
stroke  of  the  tool. 


COLUMN  SHAPBR. 

19.  The  common  form  of  shaper  is  the  column  sha- 
per, which  is  driven  either  by  a  crank  or  by  gearing. 
Fig.  8  shows  the  typical  form  of  the  column  shaper.     The 


term  column  is  applied  to  it  because  the  body  of  the  r 
forms  a  heavy  vertical  column. 
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20«  Names  of  Parts.  —  A  column  shaper  consists 
essentially  of  a  body,  or  column,  3/,  which  supports  the 
driving  mechanism  and  the  various  stationary  and  movable 
parts  of  the  machine;  a  longitudinally  movable  ram  A^ 
which  carries  the  cutting  tool  at  one  end;  and  a  movable 
table  Ej  to  which  the  work  is  fastened.  The  ram  A  slides 
in  flat  bearings  formed  on  top  of  the  column ;  at  its  front 
end  it  carries  the  stiaper  head  G,  which  gives  the  down 
feed.  This  shaper  head  is  always  so  arranged  that  it  can  be 
swiveled  around  to  make  any  angle  with  the  top  surface  of 
the  table;  a  suitable  locking  arrangement  is  then  provided. 
In  this  case,  a  handle  //  is  used  for  locking  the  head.  The 
ram  is  moved  to  and  fro  over  the  work  by  the  driving  mech- 
anism within  the  column;  this  driving  mechanism  is  oper- 
ated by  belting  from  a  countershaft  to  the  cone  pulley  /, 
The  length  of  stroke  and  the  position  of  the  ram  with  refer- 
ence to  the  work  are  adjustable.  The  shaper  head  G  carries 
a  tool  block  similar  to  that  of  a  planer.  The  table  E  is  fast- 
ened by  bolts  to  a  saddle  Z>,  which  is  gibbed  to  the  cross- 
rail  C  and  can  be  moved  along  it  either  by  hand  or  by  an 
automatic  feed.  The  cross-rail  can  be  raised  or  lowered  by 
means  of  a  screw  on  the  vertical  slide  />,  which  forms 
part  of  the  column,  and  can  be  clamped  to  it  at  any  point. 
The  table  E  usually  has  a  removable  vise  /^fitted  to  it.  In 
order  to  support  the  table,  a  screiv  Jack  N  is  occasionally 
attached  to  the  base  of  the  machine.  The  amount  of  feed 
for  each  stroke  of  the  ram  can  be  adjusted  by  varying  the 
position  of  a  slide  that  can  be  locked  by  the  handle  L, 


THE  CRANK  SHAPBR. 

21.  The  driving  mechanism  of  the  column  shaper  shown 
in  Fig.  8  is  illustrated  in  detail  in  Fig.  9,  which  is  a  vertical 
section  taken  through  the  ram  and  column.  A  forked  block  a 
is  clamped  in  a  slot  in  the  ram  A  by  means  of  the  handle  /. 
A  heavy  slotted  lever  ^  is  pivoted  at  its  lower  end  c  to  the 
column ;  its  upper  end  engages  the  forked  block  a.    The  lever 
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is  vibrated  back  and  forth  by  means  of  the  i-raukpin  </,  which 
is  carried  on  the  large  gear  o.  This  gear  o  is  driven  by 
the  pinion  m  keyed  to  a  shaft  driven  by  the  cone  |>iilley,/. 
Figs,  8  and  9.  As  the  gear  o  revolves,  the  crankpin  t/.  which 
carries  the  block  e,  slides  in  the  slot  in  the  lever  b  and  moves 


the  lever  back  and  forth.  It  may  be  seen  that  when  the 
distance  of  the  crankpin  d  from  the  center  of  the  gear  i* 
increase*!,  the  movement  of  Ihe  upper  end  of  the  lever  will 
beo-Jtne  greater  and,  consequently,  the  stroke  of  the  ram 
wi;!  t«i  Eooger. 

N'''».  if  t&e  ofisition  of  the  crankpin  d  ean  \if  varie'l  iti 
rcso^.t  V.  tE't  renter  of  thf;  gear  t>.  it  will  'r>e  i>e»i  thai  lb*: 
\tT.z7.h  "'f  wrofct  <:an  be  varie"!.  F-.r  this  piirj^rs*-,  the  '  ratik- 
pin  U  xLZx:ix-i  to  a  quadrant  n.  whi'.h  can  t>e  rotate'l  it\fiu\. 
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the  center  g  near  the  rim  of  the  gear  o.  The  quadrant  is 
rotated  by  means  of  a  rack  //  and  a  pinion  k\  this  pinion  is 
so  arranged  that  it  can  be  rigidly  held  in  any  position  by 
means  of  the  handle  A',  Fig.  8.  In  order  to  change  the 
length  of  stroke,  the  pinion  k  is  revolved  until  the  quadrant, 
and,  hence,  the  crankpin,  is  in  the  desired  position;  the  pin- 
ion, and,  consequently,  the  quadrant  and  crankpin,  is  then 
clamped  to  the  gear  o.  After  setting  the  crankpin  for  the 
right  length  of  stroke,  the  position  of  the  ram  is  adjusted  so 
that  the  tool  will  just  pass  over  the  work.  This  is  done  by  un- 
clamping  the  forked  block  a  from  the  ram  by  turning  the 
handle  /;  the  lever  is  then  placed  in  its  extreme  forward 
position  by  turning  the  cone  pulley  J  by  hand,  and  finally 
the  ram  is  moved  by  hand  until  the  point  of  the  tool  is  either 
just  beyond  the  work  or  close  up  to  the  shoulder  when  it  is 
required  to  plane  up  to  a  shoulder.  The  block  a  is  then 
again  clamped  to  the  ram. 


THB  GBARBD  SHAPBR. 

22.  The  seared  atiaper  is  similar  in  appearance  to 
the  column  crank  shaper;  it  differs  from  it  only  in  the 
method  employed  for  driving  the  ram.  In  the  geared 
shaper  a  rack  is  attached  to  the  under  side  of  the  ram ;  the 
latter  is  driven  by  spur  gearing  in  the  same  manner  as  a 
spur-geared  planer.  The  motion  of  the  ram  may  be 
reversed  by  a  reversing  belt  that  is  alternately  shifted,  to- 
gether with  the  driving  belt,  from  the  tight  to  the  loose 
pulleys;  this  method  is  similar  to  that  employed  for  opera- 
ting the  platen  of  a  spur-geared  planer.  In  some  shaper 
designs,  the  reversing  is  accomplished  by  friction  clutches, 
which  alternately  grip  and  release  the  pulleys  carrying  the 
driving  and  reversing  belts.  These  friction  clutches  are 
operated  by  tappets  attached  to  the  rams;  the  tappets  are 
movable  and  can  be  clamped  anywhere  along  the  ram.  They 
determine  by  their  position  the  length  of  the  stroke  and  the 
position  of  the  ram  at  the  beginning  and  end  of  the  stroke. 
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THE  TRAVELING-HBAD   SHAPBR. 

23.  A  style  of  shaper  known  as  a  travellns-bead 
stiaper  is  used  to  some  extent  for  work  beyond  the  range 
of  the  column  shaper.  Such  a  shaper  is  shown  in  Fig.  10. 
It  has  a  very  rigid  box  bed  a,  which  carries  the  ram  d  on 
top  and  one  or  more  tables  on  its  side.  The  ram  is 
mounted  on  a  saddle  /i,  which  can  be  moved  along  the  bed 
either  by  hand  or  by  an  automatic  feed.  The  line  of  mo- 
tion of  the  saddle  is  at  right  angles  to  the  line  of  motion  of 


the  ram;  the  tool  is  fed  across  the  work  by  moving  the 
saddle.  The  shaper  head  c  is  fastened  to  the  end  of  the 
ram  in  the  same  manner  as  in  a  column  shaper.  Vertical 
slides  /«,  m,  which  can  be  moved  along  horizontal  ways  on 
the  front  of  the  bed  and  clamped  thereto,  carry  the  table  f 
and  the  vise  rf.  The  table  and  vise  can  be  moved  in  a  verti- 
cal direction  by  means  of  screws,  and  can  be  rigidly  clamped 
to  the  vertical  slides  in  any  position.  The  work  when  small 
S.  Vol.  11.-7 
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is  fastened  either  to  the  table  or  held  in  the  vise;  if  large, 
both  may  be  used  for  supporting  and  liolding  it. 

24.     Fig.  11  is  a  right-hand  side  view  of  the  machine; 
it  is  partially  shown  in  section.     Corresponding  parts  have 


/^. 


been  lettered  alike  in  Figs.  10  and  11.  Power  is  trans- 
mitted from  a  line  shaft  or  countershaft  by  a  belt  to  the 
cone  pulley/,  which  is  fastened  to  a  splined  shafty  extending 
along  the  back  of  llie  bed.  The  shaft  carries  a  pinion  i; 
which  has  a  feather  fitted  to  the  spline  and,  consequently, 
is  free  to  slide  along  the  shaft,  but  is  forced  to  rotate  with 
it.  The  pinion  X"  meshes  with  the  gear y.  The  gear/car- 
ries  a  crankpin  /,  which  is  mounted  on  a  slide  and  can  be 
clamped  to  the  gear  at  any  distance  from  the  center  within 
its  range.  A  connecting-rod  «  is  attached  to  the  crankpin 
and  also  at  «'  to  a  block  fitted  to  a  slot  in  the  ram  i; 
the  block  can  be  clamped  to  the  ram  in  any  position  within 
the  range  given  by  the  length  of  the  slot.  By  varying  the 
position  of  the  crankpin  (',  the  length  of  stroke  of  the  ram 
can  be  adjusted;  in  order  to  change  the  position  of 
the  ram  so  that  the  tool  will  pass  over  the  surface  to  be 
machiiied,  the  block  at  «'  is  loosened  and  the  ram  pushed  in 
or  out  by  hand  until  it  is  in  the  desired  position,  when  the 
block  is  again  clamped  to  the  ram. 
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With  this  type  of  shaper,  it  is  possible  to  take  cuts  on 
quite  heavy  work,  since  the  work,  on  account  of  being  sta- 
tionary during  machining,  may  be  supported  by  jacks  or 
by  blocking  placed  on  the  floor.  This  cannot  be  done  very 
well  with  a  column  shaper,  where  the  work  is  usually  sup- 
ported entirely  by  the  table  with  which  it  moves.  The 
column  shaper  is  also  open  to  the  objection  that  heavy 
work  brings  a  great  stress  on  the  cross-rail  that  tends  to 
let  the  end  of  the  work  farthest  from  the  column  sag  down. 
Furthermore,  the  tendency  to  sag  is  increased  by  the  pres- 
sure due  to  the  cutting  tool  forcing  its  way  through  the 
metal.  It  is  easily  seen  that,  in  a  shaper,  the  setting  of 
the  work  must  not  be  disturbed  before  the  cut  is  finished. 

2S»  Quick-Return  Motion. — The  geared  shaper  is 
frequently  provided  with  a  quick-return  motion,  as  shown 
in  Fig.  11.  The, gear /revolves  on  a  large  pin  or  hub  ;/. 
The  piece  u/  is  secured  to  7/  by  the  eccentric  pin  /  and  is 
provided  with  a  slot  in  its  back  in  which  the  driving  pin  v 
is  free  to  slide.  As/"  revolves  it  forces  w  to  revolve  about  /, 
but  owing  to  the  eccentric  position  of  /,  the  pin  /  makes 
one-half  revolution  while  the  gear  is  revolving  through  the 
angle  ^r/ and  the  other  half  while  the  gear  is  revolving 
through  the  angle  /so.  By  making  the  former  the  return 
and  the  latter  the  forward  stroke,  the  tool  is  given  a  slow 
advance  and  a  quick  return. 


CUTTING  SPEEDS. 

26.  The  proper  cutting  speeds  of  shaper  tools  are  the 
same  as  those  of  planer  tools.  In  a  crank  shaper,  the  aver- 
age speed  of  the  ram  varies  with  the  length  of  the  stroke, 
since,  with  the  belt  on  a  given  step  of  the  cone,  the  shaper 
will  make  a  constant  number  of  strokes  per  minute,  whether 
they  be  long  or  short. 

Suppose  the  shaper  makes  00  strokes  per  minute  and 
the  strokes  are  1  foot  long.  Then  the  tool  moves  1  foot 
forwards  and  1  foot  backwards  in  1  second,  or  2  feet  per 
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revolution;  this  is  equal  to  a  cutting  speed  of  120  feet  per 
minute.  Suppose  the  length  of  stroke  is  changed  so  that  it 
is  1  inch  long,  but  that  the  machine  continues  to  make 
60  revolutions  per  minute.  Then,  in  1  stroke,  the  tool 
moves  2  inches,  and  in  60  strokes  it  would  move  120  inches, 
or  10  feet.  Now,  in  one  case,  the  cutting  speed  was  120  feet 
per  minute  and  in  the  other  case  it  was  10  feet  per  minute. 
Then,  since  the  average  cutting  speed  depends  upon  the 
length  of  the  stroke,  it  follows  that  a  constant  average  cut- 
ting speed  can  only  be  kept  by  varying  the  number  of 
strokes  per  minute.  For  this  reason,  crank  shapers  are 
always  supplied  with  a  cone  pulley  for  the  driving  belt. 

In  geared  shapers,  the  cutting  speed  does  not  vary  with 
the  length  of  stroke,  but  remains  constant,  as  is  the  case 
in  planers.  For  this  reason,  geared  shapers  do  not  require 
cone  pulleys  in  order  to  keep  the  cutting  speed  constant. 
They  are  often  supplied  with  cone  pulleys,  however,  to 
allow  a  cutting  speed  suitable  to  the  metal  operated  on  to 
be  selected. 


SHAPER  TOOLS. 

27.  The  tools  for  shaper  i^ork  are  the  same  as  those 
used  upon  the  planer,  since  the  cutting  action  is  the  same  in 
each  case.  In  the  shaper  and  in  the  planer,  the  shank  of  the 
tool  is  always  in  a  plane  perpendicular  to  the  line  of  motion 
of  the  tool  or  the  work,  so  that  the  angle  of  clearance  always 
remains  constant.  Special  tool  holders  and  inserted-blade 
tools  may  be  as  effectively  used  in  the  shaper  as  upon  the 
planer. 


HOLDING  THE  WORK. 

28.  For  the  greater  part  of  the  work  done  on  the  shaper, 
the  shaper  vise  or  chuck  is  used.  The  methods  employed 
for  setting  the  work  square  and  true  so  that  it  may  be 
planed  square  and  parallel  are  the  same  as  those  used  in 
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I  setting  work  in  the  planer  vise.  When  the  work  cannot  be 
I  cbmped  in  the  vise,  the  vise  may  be  removed  and  the  work 
]  fast(;ned  to  the  table.  In  this  case,  the  same  devices  are 
I  used  for  holding  the  work  that  would  be  employed  for 
I  clamping  it  to  the  planer  platen. 


TAKING  THE  CUT. 

29.  Raase  of  Utility-  of  the  Shaper.— For   short 

I  cats  upon  pieces  of  relatively  small  size,  the  shaper  is  usu- 
I  ally  better  adapted  than  the  planer.     For  cutting  slots  or 
I  fccyways,  or  for  cuts  that  terminate  close  to  a  shoulder,  the 
shaper  possesses  the  advantage  that  it  can  be  more  readily 
set  to  take  a  particular  length  of  stroke,  and  it  will  then  cut 
I  that  exact  length  of  stroke  each  time.     This  is  true  partic- 
I  ularly  iif  the  crank  shapers,  but  only  to  a  limited  extent  is 
it  true  of  geared  shapers.     On  the  planer  or  geared  shaper 
the  reversing  point  is  not  positive,  because  of  the  uncer- 
tainty in  the  slip  of  the  belts  and  the  gripping  of  the  pul- 
I  leys  by  the  friction  clutches. 

30.  Cuttlne  n  Kcy*vay. — Whenever  a  cut  terminates 
I  in  the  metal,  a  notch  must  be  cut  at  the  end  so  that  the 


I  tool  will  pass  out  of  the  cut  each  time.     Suppose  that  a  key- 
I  way  is  to  be  cut  in  the  end  of  a  shaft,  as  shown  in  Fig.  I'i  (a). 
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The  keyway  should  first  be  carefully  laid  out  by  scribing 
lines  to  indicate  its  width  and  depth.  At  the  place  where 
the  keyway  terminates  in  the  shaft,  a  circle  is  ^described 
equal  in  diameter  to  the  width  of  the  keyway.  In  this  circle 
a  hole  is  drilled,  as  shown  in  Fig.  12  (^),  equal  in  depth  to 
that  of  the  keyway.  The  work  is  then  set  in  the  vise  or 
clamped  to  the  table,  so  that  .the  lines  on  the  end  that  indi- 
cate the  sides  of  the  finished  keyway  are  perpendicular. 
Slots  are  now  cut  with  a  parting  tool  into  the  shaft,  so  that 
the  outer  side  of  each  slot  coincides  with  the  lines  indicating 
the  width  of  the  keyway,  as  shown  in  Fig.  12  (c).  After 
these  lines  are  cut,  the  remaining  core  a  between  the  slots 
is  cut  out.  If  an  attempt  is  made  to  take  such  a  cut  as  is 
shown  in  Fig.  12  without  first  drilling  or  otherwise  cutting 
out  a  place  for  the  tool  to  run  into  and  thus  cut  off  the 
shaving,  each  shaving  will  clog  the  slot  slightly  so  that  after 
a  few  strokes  the  tool  will  strike  with  great  force  against 
solid  metal;  if  the  cut  is  continued,  the  tool  will  break,  or 
the  work  will  be  pushed  from  the  machine. 

31  •  Cutting  to  a  Shoulder. — Suppose  that  it  is  nec- 
essary to  take  a  cut  over  the  piece  of  work  shown  in  Fig.  13, 
and  that  the  surface  e  is  to  be  partly  removed  up  to  the 
line  A  B,  as  indicated  by  the  dotted  lines.  Before  this  cut 
can  be  taken   on   the  shaper,  it  will  be  necessary  to  cut 


Fig.  18. 

a  groove  ^t  A  B  equal  in  depth  to  the  amount  to  be  re- 
moved. This  groove  can  be  cut  with  a  cold  chisel  and  a 
hammer.  It  can  also  be  done  by  first  drilling  a  hole  at  a 
and  then  planing  it  in  with  a  parting  tool.  The  part  of  the 
surface  e  indicated  by  dotted  lines  can  then  be  easily  planed 
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away.  In  castings,  when  it  is  known  that  such  cuts  as 
these  are  to  be  taken,  much  work  can  be  saved  by  coring 
out  a  space  where  the  cut  is  to  terminate.  This  saves  the 
time  required  for  cutting  a  groove  with  the  chisel  or  by 
planing. 

32.  Holding  Work  to  the  Saddle. — Pig.  14  shows  a 
method  of  holding  certain  forms  of  work  on  the  shaper. 
The  box  table  and  vise  having  been  removed,  the  work  a, 
which  in  this  case  is  a  pair  of  legs  for  a  lathe  bed,  is 
clamped  directly  to  the  front  of   the  saddle.     It   may  be 


observed  that  this  method  of  holding  work  in  the  shaper  is 
analogous  to  attaching  it  to  an  angle  plate  fastened  to  the 
platen  of  a  planer.  It  is  best  adapted  for  work  that  is  either 
too  high  to  be  placed  on  top  of  the  table,  or  has  a  shape 
that  prohibits  fastening  it  there. 

33.     When    work    is  clamped  against    the  front  of    the 
saddle,  its  setting  cannot  be  tested  with  a  surface  gauge. 
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This  is  also  occasionally  the  case  when  rather  large  work  is 
clamped  to  the  top  of  the  table.  Then,  the  setting  of  the 
work  may  be  tested  by  means  of  a  pointed  wire,  a  scriber,  or 
a  tool  held  in  the  tool  post,  and  moving  the  ram  by  hand. 
In  some  instances,  the  ram  can  be  run  out  until  it  extends 
clear  over  the  work ;  a  surface  gauge  can  then  be  inverted  and 
held  up  against  the  bottom  of  the  ram,  along  which  it  is 
moved  in  order  to  test  the  setting  of  the  work. 

34.  Rack  Cutting:. — In  some  cases  the  shaper  may  be 
used  as  a  rack  cutter.  The  vise  is  so  set  that  the  jaws 
are  at  right  angles  to  the  line  of  motion  of  the  tool,  and  the 
rack  blank  is  clamped  in  it.  A  tool  having  its  cutting  edge 
formed  to  give  the  correct  shape  of  tooth  is  set  in  the  tool 
post,  and  is  fed  down  into  the  work,  thus  cutting  out  the 
space  between  two  teeth  of  the  rack.  The  work  is  then 
moved  sidewise  the  correct  distance  to  cut  the  second  space 
and  the  tool  is  again  fed  into  the  work  to  the  same  depth  as 
before. 

For  comparatively  rough  work,  the  spacing  of  the  teeth 
may  be  laid  out  on  the  face  of  the  rack,  and  the  tool  set  as 
near  as  can  be  judged  to  the  marks  by  moving  the  saddle  by 
means  of  the  feed-screw.  A  better  way  is  to  use  the  feed- 
screw as  a  spacing  device;  from  the  pitch  of  the  screw  may 
be  calculated  the  number  of  turns  and  part  of  a  turn  the 
feed-screw  must  make  in  order  to  move  the  saddle  an  amount 
equal  to  the  pitch  of  the  rack  teeth.  The  feed-screw  is  then 
turned  that  amount  after  each  space  is  cut.  In  order  to 
insure  a  correct  rotation  of  the  screw,  an  index  wheel  must 
be  attached  to  it.  In  many  cases,  it  will  be  found  that  one 
of  the  change  gears  belonging  to  an  engine  lathe  can  be 
temporarily  attached  to  the  end  of  the  feed-screw  and  made 
to  serve  as  an  index  wheel.  In  that  case,  the  teeth  of  the 
gear-wheel  will  take  the  place  of  the  graduations  on  an 
index  wheel.  In  making  the  calculations,  the  feed-screw 
may  be  regarded  as  a  micrometer  screw,  and  its  rotation 
for  a  given  advance  is  calculated  in  the  same  manner  as  is 
done  with  any  micrometer  screw. 
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SPRING  OF  MACHINE  AND   WORK. 

35.  Spring  of  the  Ram. — The  chances  that  the  tool 
and  the  work  will  spring  are  greater  in  the  shaper  than  in 
the  planer.  In  the  shaper,  there  is  a  tendency  for  the  tool 
to  spring  away  from  the  cut;  this  is  due  to  the  lack  of  abso- 
lute rigidity  in  the  ram,  and  also  to  looseness  of  the  guides 
in  which  the  ram  slides.  When  the  stroke  is  very  long  and 
the  shaper  head  is  far  out  from  the  column,  the  tendency  of 
the  ram  to  spring  is  much  greater  than  when  the  head  is 
close  to  the  column.  It  is  on  account  of  this  lack  of  support 
of  the  cutting  tool  at  the  end  of  a  long  stroke  that  the 
average  shaper  rarely  exceeds  a  stroke  of  30  inches,  although 
when  built  very  heavy  they  are  occasionally  designed  for  a 
longer  stroke. 

36.  Spring  of  tlie  Work. — The  spring  of  the  work 
itself,  and  also  the  sagging  down  of  the  table  on  which 
it  is  supported,  which  is  increased  by  any  looseness  of  the 
gibs  holding  the  saddle  to  the  cross-rail,  are  fruitful  sources 
of  error.  Errors  due  to  these  causes  are  made  still  larger 
by  the  action  of  the  cutting  tool,  which,  in  forcing  its  way 
through  the  work,  tends  to  spring  it  still  farther  away  from 
the  machine. 


THE    DRAW-CUT    SHAPER. 

37.  In  order  to  overcome  as  far  as  possible  the  errors 
mentioned  in  Art.  36,  shapers  have  been  designed  in  which 
the  cutting  is  done  during  what  would  be  termed  the  return 
stroke  in  the  ordinary  shaper.  In  other  words,  the  tool, 
instead  of  being  pushed  across  the  work  by  the  ram,  is 
drawn  across.  From  this  fact,  machines  of  this  class  derive 
the  name  of  draiw^-cut  sliapers. 

38.  Fig.  15  is  an  illustration  of  such  a  machine.  It  will 
be  noticed  that  in  general  appearance  it  does  not  differ  from 
the  ordinary  column  shaper.     Since  it  is  intended  to  cut 


26   PLANER,  SHAPER,   AND  SLOTTER  WORK,    g  9 

while  the  shaper  head  is  moving  toward  the  body  of  the 
machine,  the  tool  block  a  is  reversed  on  the  ram  6  in  order 
to  allow  the  tool  to  swing  away  from  the  work  while  the  ram 
is  moving  outwards.     When  the  ram  draws  back  into  the 


machine,  the  tool  block  swings  to  its  seat.  As  a  matter  of 
course,  the  tool  must  be  set  in  the  opposite  direction  from 
that  which  it  occupies  in  the  ordinary  shaper;  that  is,  its 
cutting  edge  must  be  totvard  the  ram. 

39.  AdvantaEet*  of  the  Draw  Cut. — For  some  kinds 
of  work,  a  draw  cut  possesses  distinct  advantages.  When 
a  cut  is  being  taken,  the  pressure  due  to  the  tool  forcing  its 
way  through  the  metal  is  exerted  toward  the  machine;  espe- 
cially in  the  case  of  work  clamped  to  the  saddle,  it  tends  to 
hold  the  work  more  securely.  Furthermore,  in  case  of  work 
bolted  to  the  table  or  held  in  the  vise,  this  pressure  partly 
relieves  the  cross-rail  of  the  stresses  to  which  it  is  subjected 
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by  the  weight  of  the  table,  vise,  and  work.  In  many  cases, 
great  rigidity  can  be  secured  by  putting  blocking  or  jacks 
between  the  work  and  the  face  of  the  machine,  thus  greatly 
reducing  the  spring  of  the  work  and  the  machine  during 
the  cutting  operation. 


OPEN-SIDE  PLATE  PLANER. 

40«  Fig.  16  shows  a  modification  of  a  planing  machine 
specially  designed  for  planing  the  edges  of  steel  and  iron 
plates.  This  machine  belongs  to  a  type  known  as  open- 
side  machines.  The  planer  shown,  while  commonly  called 
a  "planer,"  is  really  a  modification  of  the  shaper,  since  the 
work  remains  stationary  during  the  cutting  operation,  while 
the  tool  moves. 

41.  Referring  to  the  figure,  it  will  be  seen  that  the 
machine  is  supplied  with  a  stationary  table  a  to  which  the 
work  is  clamped  by  means  of  jacks  /,/,  which  butt  against 
the  girder  b.  The  head  r,  which  carries  the  cutting  tool,  is 
gibbed  to  ways /"on  top  of  the  base;  it  is  operated  by  a 
screw  similar  to  the  leadscrew  of  a  lathe.  This  screw  carries 
on  one  end  the  gear  g^  which  meshes  with  gearing  driven 
from  the  driving  shaft.  Power  is  transmitted  to  this  shaft 
by  belting  it  to  a  line  shaft  or  countershaft.  In  the  machine 
shown,  the  leadscrew  is  driven  from  both  ends  of  the  machine 
by  means  of  the  pulleys  //  and  /.  When  the  head  has  reached 
the  end  of  its  stroke,  its  motion  is  automatically  reversed  by 
the  tappet  /,  which  is  fastened  to  the  head,  striking  the 
lug  m  or  n  on  the  reversing  rod  k.  This  shifts  the  driving 
and  reversing  belts.  The  length  and  position  of  the  stroke 
may  be  adjusted  by  shifting  the  lugs  ;;/  and  ;/  to  suitable  posi- 
tions along  the  rod  k.  In  the  particular  design  of  machine 
shown,  the  tool  may  be  held  in  a  swivel  socket  in  which  it 
may  be  reversed  at  the  end  of  each  stroke  in  order  to  cut 
during  the  return  stroke.  A  platform  is  sometimes  bolted 
to  the  head  for  the  operator  to  stand  on,  so  that  he  can 
always  be  close  to  the  cutting  tool  and  watch  its  operation. 
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A    SPECIAL    SHAPER. 

42.  In  manufacturing  certain  lines  of  work  in  quantities, 
it  often  happens  that  while  the  work  can  be  done  on  an  ordi- 
nary design  of  machine  tool,  it  can  be  done  more  rapidly 
and  more  economically  on  a  machine  especially  designed 
for  the  purpose. 

43.  Fig.  17  is  an  illustration  of  a  special  shaping  machine 
with  two  rams;  this  machine  was  designed  for  planing 
certain  slots  in  the  sides  of  segments  of  large  flywheels,  and 
is  adapted  for  similar  work.  It  naturally  has  not  as  wide  a 
range  of  application  as  the  ordinary  shaper,  but  is  better 
suited  for  its  own  class  of  work. 

44.  Fig.  18  shows  two  segments  of  a  large  flywheel 
and  the  method  of  joining  them  together  that  has  been 
adopted  in  the  shop  where  the  machine  shown  in  Fig.  17  is 
used.     The  segments  are   first  carefully  finished  on   their 


Fig.  18. 

faces  a^  a  to  the  correct  angle,  so  that  when  placed  together 
they  make  a  close  joint  at  the  hub  and  rim,  as  shown  at  b  b. 
The  segments  are  held  together  at  the  rim  by  steel  links 
placed  on  each  side  of  the  wheel  in  a  suitable  recess.  One 
of  these  links  is  shown  in  place  at  d.     The  links  are  put  in 
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place  while  hot;  on  cooling,  they  shrink  and  draw  the  joints 
tightly  together.  The  shrinking  allowance  that  is  necessary 
to  hold  the  segments  rigidly  together  is  carefully  estimated, 
and  the  links  are  then  carefully  made  so  that  the  distance  e 
under  their  two  heads  is  the  same  in  all  the  links.  In 
order  that  the  heads  of  the  links  will  have  a  fair  bearing  on 
the  shoulders  c,  c  of  the  recesses,  these  must  be  machined. 
Furthermore,  the  distance  of  these  shoulders  from  the  joint 
must  not  only  be  correct  in  order  that  the  proper  tension 


may  be  obtained,  but  it  must  also  be  alike  in  all  segments  in 
order  that  any  link  may  be  used  for  any  joint. 

45.     Referring  now  to  Fig.  17,  the   machine  is  seen  to 
have  two  rams  /and  g,  which  are  operated  independently 
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or  simultaneously  by  a  suitable  device  placed  within  the 
base  //  and  driven  from  the  pulley  /  by  the  intervention  of 
gearing.  Each  ram  carries  a  shaper  head,  shown  at  ^and  /. 
These  shaper  heads  are  arranged  for  feeding  the  tool  in 
a  horizontal  and  vertical  direction  and  are  fitted  with  hand 
and  automatic  feeds. 

46.  An  enlarged  view  of  one  head  and  of  the  work  is 
shown  in  Fig.  19.  In  this  figure,  the  down-feed  screw  is 
shown  at  ;;/  and  the  horizontal-feed  screw,  with  its  detach- 
able handle,  at  ;/.  The  tool  o  is  carried  by  a  bracket  that 
forms  the  tool  block;  this  tool  is  made  with  an  inserted 
cutter/.  The  work  W  is  bolted  to  the  table  r  and  remains 
stationary  during  the  cutting  operation;  the  table  is  adjust- 
able in  a  horizontal  direction  across  the  bed  for  the  sake  of 
convenience  and  adaptability.  To  insure  that  the  distance 
from  the  joint  to  the  shoulders  ^,  r.  Fig.  18,  is  made  alike  in 
all  segments,  the  height  of  the  tool  point  /,  Fig.  19,  above 
the  table  is  adjusted  by  means  of  a  gauge  that  has  been  made 
the  correct  height.  The  tools  in  both  heads  having  been 
adjusted  properly,  the  two  recesses  opposite  each  other  are 
finished  simultaneously. 


WORK  OF  THE  SLOTTING  MACHINE. 


THE  MACHINE. 

47.  The  slotting:  machine  is  a  modification  of  the 
shaper,  and  is  similar  to  it  in  a  great  many  respects.  It 
differs  chiefly  from  the  shaper  in  that  the  ram  moves  in  a 
vertical  instead  of  a  horizontal  direction.  It  is  adapted  for 
the  finishing  of  flat  or  curved  surfaces  at  right  angles  to 
some  other  surface  of  the  work.  It  was  originally  designed 
for  the  slotting  out  of  keyways  in  pulleys,  but  practice  soon 
demonstrated  its  adaptability  for  a  large  class  of  work  other 
than  slotting.     While  the  primary  purpose  of  the  machine 
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has  been  changed  entirely,  th;  original  name  of  "slotting 
machine  "  has  been  retained  ar.d  ',s  commonly  applied  to  it. 

48.  Fig.  20  is  an  illustration  of  a  typical  mod„ri.  slot- 
ting machine.  It  consists  essentially  of  a  very  rigid  frame 
M,  which  carries  the  platen  F  and  the  ram  A.  The  machine 
is  so  constructed  that  the  line  of  motion  of  the  ram  is  per- 
pendicular to  the  surface  of  the  platen.     Power  from  a  line 


shaft  or  countershaft  is  transmitted  by  a  belt  to  the  driving 
pulley  E,  which  carries  a  pinion  that  meshes  with  the  gear- 
wheel N  on  the  driving  shaft.  A  crank  disk  B  is  keyed 
to  the  driving  shaft;  a  crankpin  0  is  movably  mounted  in  a 
radial  slot  in  the  crank  disk  and  can  be  rigidly  clamped  to 
S.  Vol  Il.-i. 
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it.  A  connecting-rod  C  is  attached  to  the  crankpin,  and  also 
to  a  wristpin  carried  by  the  ram.  This  rod  transforms  the 
rotary  motion  of  the  crankpin  into  the  rectilinear  motion  of 
the  ram.  The  similarity  of  the  slotter  to  the  crank  shaper  in 
this  respect  will  be  noted.  The  length  of  the  stroke  is  ad- 
justed by  moving  the  crankpin  toward  or  from  the  center 
of  the  crank  disk.  In  order  to  allow  the  ram  to  be  adjusted 
in  reference  to  the  work,  the  ram  is  slotted  and  the  wristpin 
mounted  in  this  slot.  The  wristpin  can  be  clamped  to  the 
ram  by  means  of  the  bolt  P,  The  end  of  the  ram  carries 
two  sets  of  tool  clamps,  as  shown  at  Z,  so  that  the  cutting 
tool  can  be  placed  in  either  one  of  two  positions  at  right 
angles  to  each  other.  The  weight  of  the  ram  is  counterbal- 
anced by  a  heavy  weight  D, 

49.  The  platen  F  is  mounted  on  a  carriage  similar  to  a 
lathe  carriage ;  it  can  be  moved  across  the  carriage  and  the 
latter  can  be  moved  along  the  bed  that  forms  part  of  the 
frame.  It  is  thus  seen  that  the  platen  is  movable  in  two 
directions  at  right  angles  to  each  other.  In  addition,  the 
platen  can  be  rotated  around  its  axis,  it  being  pivoted  to  the 
saddle  and  provided  with  a  worm-wheel  (7,  which  extends 
around  its  circumference.  A  worm  operated  by  a  handle  H 
meshes  with  the  worm-wheel,  and,  consequently,  the  platen 
^is  rotated  by  turning  the  handle.  The  carriage  can  be 
moved  along  the  bed  by  the  handle  /.  Automatic  feeds  for 
all  directions  of  motion  of  the  platen  are  usually  provided; 
in  this  case,  the  feeds  are  operated  by  the  feed-rods  G^  G. 
The  amount  of  feed  per  stroke  is  regulated  by  varying  the 
position  of  a  pin  in  the  feed  disk  A",  from  which,  through 
the  intervention  of  a  ratchet  wheel  and  gearing,  the  feed- 
screws are  driven. 

60.  Setting  tlie  Ram. — When  adjusting  the  slotter 
ram  for  the  tool  to  cut  a  given  piece  of  work,  the  ram  should 
be  so  adjusted  that  the  ^dg^  of  the  tool  will  pass  by  the 
lower  edge  of  the  work  but  not  touch  the  platen.  To  set 
the  ram,  it  should  be  let  down  so  that  the  tool  rests  on  a  thin 
piece  of  metal  on  the  platen.     The  machine  is  then  turned 
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by  hand  so  that  the  crankpin  O  is  at  the  lowest  part  of  the 
stroke,  after  which  the  bolt  P  is  tightened.  When  the 
ram  is  raised,  the  spacing  strip  may  be  removed  from  under 
the  tool,  and,  for  each  stroke,  the  tool  will  stop  short  of  the 
platen  a  distance  equal  to  the  height  of  the  spacing  strip. 


HOLDING    THE    \irORK. 

51.  Clamping:  Work  to  the  Platen.— The  work  to 
be  operated  on  is  clamped  to  the  platen  in  the  same  manner 
in  which  work  is  clamped  to  a  planer  platen  or  shaper  table. 
The  same  care  is  necessary  in  setting  the  work  true  and 
clamping  it  so  that  it  will  not  be  sprung  out  of  shape. 

The  work  for  the  slotter  should  be  laid  out  with  lines  to 
work  to.  These  lines  are  essential  in  setting  the  work, 
since,  when  a  flat  surface  is  to  be  planed,  the  horizontal  line 
indicating  the  finished  edge  of  that  surface  must  be  set 
parallel  to  one  of  the  slides  of  the  table. 

52.  Setting:  the  l¥ork. — In  planer  work,  a  surface 
gauge  can  be  used,  and  the  work  set  so  that  the  line  indi- 
cating the  edge  of  the  surface  to  be  machined  is  parallel  with 
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the  platen.  In  the  slotter,  the  setting  of  the  work  cannot  be 
tested  in  this  way,  since  the  line  of  motion  of  the  tool  is  at 
right  angles  to  the  surface  of  the  platen  instead  of  parallel 
with  it.  The  work  must  be  clamped  to  the  platen  so  that 
the  line  indicating  the  edge  of  the  surface  to  be  cut,  shown 
by  the  dotted  line  A  B^  Fig.  21,  is  perpendicular  to  the 
platen.  This  may  be  tested  with  a  square.  Parallel  strips, 
or  blocks,  r,  c  must  be  put  under  the  piece  in  order  to  raise 
it  above  the  platen,  so  that  the  tool  may  pass  entirely  over 
the  surface  to  be  machined.  After  the  work  is  set  true,  a 
tool  is  clamped  in  the  ram,  and  the  work  is  brought  under 
it,  so  that  the  tool  point  just  comes  to  the  line  scribed  on  the 
work.  The  setting  of  the  work  is  then  tested  by  moving  the 
platen  past  the  tool  point,  and  noting  if  the  tool  point  fol- 
lows the  line.  If  it  fails  to  do  so,  the  platen  and,  hence, 
the  work  may  be  revolved  so  that  the  point  of  the  tool  will 
just  follow  the  line.  The  work  will  then  be  set,  and  be  ready 
for  the  cutting  operation. 

Bolts,  pins,  angle  plates,  and  special  holding  devices  may 
be  used  for  holding  work  on  the  slotter  platen  in  the  same 
way  that  they  are  used  on  the  planer  platen  or  shaper  table. 

63.  Cutting  Circular  Surfaces. — When  cutting  cir- 
cular surfaces  on  the  slotter,  the  work  must  be  set  so  that 
its  axis  coincides  with  the  axis  of  rotation  of  the  platen.  For 
instance,  if  a  cylindrical  surface  having  a  radius  of  10  inches 
is  to  be  finished  in  the  slotter,  the  work  must  be  so  set  that 
the  center  around  which  the  radius  is  described  is  directly 
in  the  axis  of  rotation  of  the  table,  and  the  platen  must  then 
be  adjusted  so  that  the  point  of  the  tool  is  at  a  distance  of 
10  inches  from  the  center.  The  feeding  is  done  by  rotating 
the  platen  slightly  after  each  down  stroke  of  the  ram. 

To  aid  in  setting  work  having  cylindrical  surfaces,  concen- 
tric circles  are  usually  marked  on  the  platen  and  may  be 
used  as  a  guide;  or,  a  cylindrical  stake  may  be  fitted  to  the 
center  hole  of  the  platen  and  used  to  measure  from.  In  either 
case,  after  the  work  is  set,  it  is  best  to  revolve  it  past  the  point 
of  the  tool  to  be  sure  that  it  is  correctly  set.     This  applies 
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to  internal  as  well  as  external  cylindrical  surfaces.  Loco- 
motive axle  boxes  that  are  fitted  with  semicircular  brasses 
represent  a  type  of  circular  work  that  is  readily  performed 
on  the  slotter. 


SLOTTER    TOOLS. 

54.  Shape  of  Tools. — The  tools  used  for  the 
are  different  in  appearance  from  those  used  for  either 
or  shaper  work.  The  cutting 
edge  is  formed  on  the  end  of  the 
bar  so  that  it  cuts  when  pushed 
endwise,  and  it  is  therefore  un- 
der compression.  Fig.  22  (a) 
shows  a  forged  roughing  tool  for 
the  slotter.  The  shank  is  gen- 
erally made  square,  and  the  end 
is  forged  so  that  it  is  about  like  a 
parting  tool.  The  cutting  face 
that  turns  the  shaving  is  on  the 
end. 


slotter 
planer 


Q 


(b) 


FKi, 


55.  Angles  of  Rake  and 
Clearance* — To  show  the  an- 
gles of  rake  and  clearance  in 

this  tool,  draw  the  line  -^  ^  in  Fig.  22  {a)  parallel  to  the  top 
of  the  platen;  draw  CD  perpendicular  to  A  B  at  the  point  O 
of  the  tool ;  draw  £  F  parallel  to  the  face  of  the  tool  and  //  K 
parallel  to  the  side  of  the  tool.  The  angle  D  O  K  \%  the 
angle  of  clearance,  and  the  angle  B  O  F  the  angle  of  top  front 
rake.  It  may  be  seen  from  this  that  these  angles  are  meas- 
ured at  right  angles  to  the  direction  in  which  they  are 
measured  on  a  planer,  shaper,  or  lathe  tool.  When  the  slot- 
ter tool  is  carried  at  the  end  of  the  ram  so  that  its  shank  is 
at  right  angles  to  the  line  of  motion,  the  clearance  angle 
and  the  angle  of  top  front  rake  are  measured  in  the  same 
way  as  on  a  planer  tool.  When  slotter  tools  are  forged  from 
the  bar,  they  are  made  with  narrow  points  for  roughing  cuts. 
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and  wide  points  for  finishing  cuts,  as  is  done  in  planer  work. 

It  is  not  possible,  however,  to  use  such  coarse  feeds  for  finish- 
ing work  on  the  slotter  as  can  be  done  on 
the  planer. 

For  the  slotter,  a  good  roughing  tool 
for  fiat  work  may  be  forged  with  the  blade 
diagonally  across  the  shank  of  the  tool,  as 
shown  in  Fig.  22  (^). 


S 


A- 


56.     Tools  for  Cutting:  Keyinrays. 

One  of  the  functions  of  the  slotter  is  to 
cut  slots  or  keyways  in  the  hubs  of 
pulleys  or  in  work  of  a  similar  nature. 
When  the  tools  for  cutting  keyways  are 
forged  from  the  solid  bar,  they  are  shaped 
as  shown  in  Fig.  23,  the  cutting  edge 
being  along  the  line  A  B,  If  the  slots 
are  long,  it  requires  a  long,  slim  blade  to 
reach  through  the  work.  When  such 
slim  tools  are  used,  they  spring  away 
from  the  work  considerably,  and,  consequently,  considerable 
time  and  care  is  necessary  to  complete  the  cut. 


Fig.  88. 


CUTTER   BARS  FOR  THE  SLOTTER. 

67.  The  Bar. — Tools  forged  from  the  bar  are  not  always 
the  best  form  of  tool  to  be  used  on  the  slotter.  When  the 
cuts  are  to  be  taken  on  the  outside  of  a  piece,  it  is  much  bet- 
ter to  have  a  heavy  slotter  bar  that  will  carry  a  smaller 
blade  in  the  end  attached  to  the  head  of  the  ram.  Fig.  24 
shows  a  very  convenient  form  of  slott/r  bar.  The  regular  tool 
clamps  are  removed  from  the  head  and  special  clamps  B^  5, 
which  are  bored  to  receive  the  round  bar  r,  are  put  in  their 
places  and  held  by  the  bolts  h^  b.  These  clamps  are  split  at 
the  outer  end  and  the  slotter  bar  is  clamped  in  them  by 
tightening  the  screws  a^  a.  By  having  a  round  bar  thus 
held,  it  can  be  turned  so  that  the  cutter  blade  may  be  set 
at  any  angle  with  the  work.  This  form  of  bar  is  very  con- 
venient for  planing  slots  or  keyways,  using  a  broad-nosed 
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b)ade  of  the  desired  shape  and  width.  When  a  square  hole 
is  to  be  cut  in  a  previously  bored  or  cored  piece,  the  bar 
may  be  turned  around  so  that  the  blade  in  the  end  will  come 
at  the  best  angle  for  reaching 

into  the  c 


fiS.  The  cutter  blades  are 
rigidly  fixed  in  the  bar;  con- 
sequently, on  the  return 
stroke  they  slightly  drag  over 
the  work.  When  the  tools  are 
sharp,  they  cut  true  enough, 
however,  not  to  spring  the 
bar  very  much;  in  practice, 
the  dragging  does  not  in- 
terfere with  the  successful 
carrying  on  of  the  work  un- 
less the  tools  are  given  too 
much  top  rake,  in  which  case 
they  will  break.  The  feeding 
of  the  work  does  not  occur 
until  the  trxjl  has  returned  to 
the  top  of  the  stroke  and 
is  therefore  away  from  the 
work. 

59.  Blotter  Bar*  With 
Tool  Blocks. — Some  heavy 
Blotter  bars  are  made  with  a 
tool  bl'jck  in  the  lower  end 
that  is  pivoted  in  the  sam<; 
way  that  the  to-J  bl<K:k  in  the 
head  of  a  shajfer  or  planer  is 
pivoted,  s*/  that  on  the  return 
''"=■  **■  stroke  the  VfA  will  lift  away 

from  the  work  and  not  drag.  In  su'.h  a  1/ar,  the  weight  of 
the  tool  and  the  blixk  causes  th-:  Vi-A  t'<  har.^  away  from 
the  work  at  all  times,  v)  that  sjirinj^v  are  ij':"7'->ary  to  hold 
the  tool  up  to  the  work.     The-^  devi<,es  require  attention, 
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or  they  will  give  trouble.  If  the  spring  should  not  hold  the 
block  quite  up  to  its  seat,  or  a  piece  of  dirt  should  get  under 
the  block,  as  is  often  the  case,  the  tool  would  not  quite  touch 
the  work,  and,  when  the  work  is  fed  close  enough  to  catch 
the  point  of  the  tool,  the  tool  block  would  be  carried  back 
at  once  to  its  place,  which  would  cause  the  tool  to  gouge 
into  the  work. 


EXAMPLES    IN    SLOTTER    -WOUK. 

60.     Multiple    Slotting.  —  It   often   happens   that 

number  of  pieces  are  to  be  finished  to  the  same  shape.     ] 
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these  pieces  are  thin,  time  may  be  saved  by  piling  a  number 
upon  one  another  and  clamping  them  all  to  the  platen  and 
then  talcing  a  cut  over  them  all. 

61.  Taklnc  Two  Cuts  at  Once. — Fig.  35  shows  a 
piece  of  work  clamped  to  the  platen  and  ready  for  the  cut. 
The  work  is  a  U-shaped  forging  that  is  to  be  finished  on  its 
inside  surfaces.  The  curved  part  of  the  piece  has  been 
bored  to  a  diameter  equal  to  the  width  between  the  surfaces 
when  finished.  A  very  heavy  slotter  bar  d  is  used  with  a 
blade  a,  which  projects  at  each  side.  This  blade  is  made 
the  correct  length,  and  with  cutting  points  at  each  end; 
when  set  so  that  it  will  just  pass  through  the  bored  part,  it 
is  correctly  set  to  take  the  finishing  cut,  which  it  does  by 
cutting  both  surfaces  at  the  same  time. 


62.     Gear  Cuttlne  on    the   Slotter.  — The  slotting 
machine  is  often  used  for  special  kinds  of  work.     It  is  well 
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adapted  for  cutting  internal  gears  or  for  cutting  very  large 
spur  gears. 

Fig.  26  shows  a  part  of  a  slotter  and  a  large  internal  gear 
that  it  is  cutting.  A  part  of  the  gear  is  shown  at  a.  This 
rests  upon  a  plate  c,  which  has  been  accurately  notched 
with  as  many  notches  in  its  periphery  as  there  are  teeth  to 
be  cut  in  the  gear.  The  plate  is  fastened  to  the  gear,  and 
is  mounted  upon  the  platen  of  the  slotter.  Clamps  d,  d  are 
fastened  to  the  platen  for  clamping  this  index  plate  and  for 
carrying  the  stop-pin   that  holds  the  index  plate  in  place. 


\\\\\\\\^.\\^ 


A  stop  e  with  check-nuts  on  either  side  is  used  to  regu- 
late the  depth  of  each  tooth.     The  cutter  or  tool  used  for 
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this  gear  is  carefully  shaped  to  give  the  correct  outline 
to  the  teeth.  This  cutter  f  is  carried  in  a  special  block 
fastened  to  the  end  of  the  ram.  A  similar  tool  block  g  is 
seen  resting  on  the  gear  blank,  and  also  a  too]  /;.  As  soon 
as  one  tooth  space  is  cut,  the  stop-pin  in  the  clamp  '/  is 
pulled  from  the  index  plate  and  the  blank  is  revolved  tmtil 
the  stop-pin  will  slip  into  the  next  notch  of  the  index  plale. 
After  clamping,  a  second  notch  is  cut  in  the  blank,  and  so 
on  until  all  the  teeth  are  finished. 

63.  Very  large  gears  may  be  cut  in  this  way  when  sup- 
ported properly  on  bearings  away  from  the  platen,  so  that 
the  edge  of  the  blank  rests  on  the  platen  and  is  free  to  slide 
on  its  outer  support  an  amount  equal  to  the  depth  of  the 
tooth. 

The  action  of  the  slotter  is  in  so  many  respects  similar  to 
that  of  the  shaper  and  planer  that  a  thorough  understand- 
ing of  these  will  enable  one  in  a  short  time  to  successfully 
handle  the  slotter. 


KEY  WAY   CUTTERS. 

64.  Another  form  of  machine  similar  to  the 
slotter  and  the  draw-cut  shaper  is  the  keyway 
cutter.  This  machine  is  especially  designed  for 
cutting  keyways  in  the  hubs  of  gears,  pulleys,  or 
similar  pieces. 

Fig.  27  shows  a  key  way  cutter  operating  on  the 
hub  of  a  pulley,  part  of  the  rim  being  removed 
to  show  the  hub.  The  cutter  bar  a  Is  operated 
from  beneath  by  a  ram  driven  by  gearing,  in  a 
manner  similar  to  that  in  which  a  geared  shaper 
is  driven.  A  table  b  supports  the  work,  which  is 
fed  automatically  against  the  cutter  c  in  the  bar. 
"  The  overhanging  arm  d,  which  is  supported  on 
the  column  e,  gives  support  to  the  upper  end  of 
the  cutter  bar.  The  cutter  bar  is  in  two  parts,  '''"■  '"■ 
which  may  be  screwed  together.     Fig.  28  shows  the  part; 
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unscrewed,  and  also  shows  the  method  of  clamping  the  cut- 
ter in  the  bar.     The  cutter  passes  through  the  slot  a  and  is 

clamped    by   the   setscrew   b. 

These  bars  are  made  in  vari- 
I  ous  sizes  to  accommodate  dif- 

ferent  sizes  of  work. 


65.     Fig.  29  shows  a  cut- 
ter for  cutting  a  keyway.    The 
shank   ^  fits  the  cutter  bar, 
while  the  part  C  does  the  cut- 
"' B  ting,  the  cutting  edge  being 

f'"°»-  along   the   line   A  B.     These 

cutter  blades  are  accurately  made  of  different  widths  for 


different  widths  of  keyways.     When  sharpened,  the  sides  are 
not  ground,  the  grinding  being  done  upon  the  bottom  fac& 
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60.  While  these  machines  are  particularly  designed  for 
a  certain  line  of  work,  it  is  possible  to  do  some  other  kinds 
of  work  with  them.  Fig.  30  shows  how  racks  may  be  cut 
with  the  aid  of  a  special  nxiure.  When  racks  are  thus  cut, 
the  cutter  blade  is  carefully  shaped  to  give  the  desired  out- 
line to  the  teeth.  The  graduated  feed>screw  a  is  used  to 
indicate  the  distance  to  be  moved  for  spacing  each  tooth, 
while  the  cross-feed  dial  b  indicates  the  depth  cut. 

By  the  use  of  specially  formed  cutters  and  special  adjust- 
ments, some  other  kinds  of  work  may  be  performed,  but  ihe 
machine  does  its  best  work  when  doing  that  for  which  it 
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(PART  L) 


DRILLING. 


HISTORICAL. 

1.  Preliistoric  Drill. — The  principle  of  drilling  holes 
by  means  of  a  revolving  tool  was  known  in  prehistoric  time. 
The  form  of  machine  used  was  a  type 
of  bow  drill,  which  is  still  found  in 
some  smaller  manufacturing  and  re- 
pair shops.  The  primitive  drill  may 
still  be  seen  among  the  Pueblo  Indians 
in  the  form  shown  in  Fig.  1.  A 
round  piece  of  hard  wood  a  is  split  at 
the  bottom  and  a  piece  of  flint  or  iron  b 
inserted  and  bound  into  place;  the 
point  of  the  drill  is  formed  with  scra- 
ping edges.  The  upper  end  of  the 
stick  is  pointed  and,  when  drilling, 
rests  against  a  flat  stone  or  piece  of 
wood  r,  which  has  a  slight  depression 
in  it  to  receive  this  point.  The  drill 
is  rotated  by  means  of  a  bow,  the  string  of  which  is  given 
a  single  turn  around  the  stick,  as  shown.  To  operate  the 
drill,  the  piece  c  is  held  in  one  hand,  thus  furnishing  the 
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necessary  pressure  and  giving  the  proper  direction,  while, 
with  the  other  hand,  the  bow  is  drawn  back  and  forth, 
rotating  the  drill  alternately  in  opposite  directions.  This 
instrument,  in  hands  that  are  skilled  in  its  use,  has  pro- 
duced marvelous  results.  Beads,  shells,  etc.  are  drilled  in 
a  manner  that  produces  the  highest  admiration  for  these 
primitive  workmen. 


DEVELOPMENT  FROM  THE  LATHE. 

2.  Prehistoric  Lathe. — The  modern  machine-shop 
drill  has  its  origin  in  the  lathe,  from  which  all  other  forms 
of  machine  tools  have  been  developed. 

The  lathe,  in  a  very  primitive  form,  was  known  in  prehis- 
toric time.  Its  earliest  form  consisted  of  a  piece  of  wood 
supported  horizontally  upon  two  wooden  pillars  and  rotated 
by  means  of  a  string.  The  material  to  be  worked  was 
attached  to  this  revolving  part,  which  moved  in  opposite 
directions  as  the  string  was  wound  or  unwound.  As  the 
tool  could  cut  only  while  the  work  was  running  in  one 
direction,  it  had  to  be  withdrawn  and  brought  up  alter- 
nately as  the  direction  of  motion  changed. 

3.  Development  of  Modern  Drill. — While  the  prin- 
ciple of  the  lathe  is  very  old,  it  was  not  until  a  compar- 
atively recent  date  that  power  was  applied  to  it,  and  the 
modern  shop  tool,  which  rotates  continuously  in  one  direc- 
tion, was  developed.  It  was  some  time  after  the  power 
lathe  had  made  its  appearance  that  the  drilling  machine  was 
brought  into  use. 

The  step  from  the  lathe  to  the  drilling  machine  was 
simply  a  change  in  the  arrangement  of  the  head.  In  the 
lathe,  the  piece  to  be  worked  is  usually  rotated  with  the 
spindle,  while  the  cutting  is  done  with  a  fixed  tool.  In 
boring  holes,  the  tool  may  be  rotated  with  the  spindle,  while 
the  part  to  be  drilled  is  pressed  against  it.  When  used  in 
this  way,  the  lathe  is  a  drilling  machine  with  a  horizontal 
spindle,  and  the  only  difference   between   the   lathe   when 
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thus  used  and  the  ordinary  drilling  machine  is  that,  in  the 
latter,  the  spindle  stands  in  a  vertical  position  and  the  work 
is  supported  upon  a  horizontal  table. 


ESSENTIAL  PARTS  OF  DRILLING  MACHINES. 

4.  Essential  Parts. — The  modern  drilling  machine 
consists  of  a  revolving  spindle  to  which  a  device  for  holding 
the  tool  is  attached,  a  table  upon  which  the  work  is  sup- 
ported, and  a  device  for  feeding  the  tool  into  the  material  to 
be  drilled. 

5.  ArranBement  of  Part*.  —  The  arrangement  of 
these  parts  is  shown  in  Fig.  3.  In  this  simple  drilling  ma- 
chine, the  spindle  a  is  held  in  a 

vertical  position  by  a  frame  d 
and  column  £.  The  spindle  is 
rotated  by  means  of  a  belt  run- 
ning on  a  pulley  d,  which  is  con- 
nected to  the  upper  end  of  the 
spindle  by  means  of  a  spline. 
The  pulley  is  held  vertically  be- 
tween the  two  arms  e  and  /, 
thus  permitting  the  spindle  to 
slide  in  the  pulley  while  turning. 
The  tool  A  is  held  in  a  chuck  or 
socket^ on  the  lower  end  of  the 
spindle  and  moves  vertically  and 
rotates  with  the  spindle.  The 
part  to  be  drilled  is  held  upon 
the  table  i. 

The    principal    parts   of    the 
drilling  machine  have  been  men-  I'tc  «. 

tioned,  but  it  is  still  necessary  to  devise  some  means 
for  feeding  the  tool  through  the  material.  This  is  usually 
done  by  lowering  the  tool  as  it  cuts  its  way;  although,  as 
will  be  seen  later,  in  a  few  cases  the  table  is  raised  while 
S.  Vol.  it. -9. 
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the  tool  is  held  in  a  fixed  position.  Fig.  2  shows  a  very 
simple  method  by  which  the  spindle  may  be  raised  or  low- 
ered by  means  of  a  hand  lever.  The  spindle  is  made  to  re- 
volve in  a  sleevey  and  is  held  vertically  in  it  by  means  of 
the  collars  k  and  /,  which  are  fixed  to  the  spindle.  The 
sleeve  has  a  rack  m  upon  its  outer  side,  which  engages  with 
a  pinion  upon  the  inner  end  of  the  shaft  ;/.  This  shaft  has 
its  bearing  in  the  lower  arm  of  the  frame  by  and  carries 
upon  its  outer  end  a  hand  lever  o.  The  sleeve  is  free  to 
move  in  a  vertical  direction  as  the  pinion  is  turned  by  means 
of  the  lever,  but  it  is  kept  from  rotating  by  the  rack.  The 
spindle  is  lowered  by  moving  the  lever  in  the  direction  of 
the  arrow/,  thus  rotating  the  pinion  and  carrying  down  the 
rack  with  which  it  engages. 

The  machine  receives  its  power  from  a  belt  running  from 
the  pulley  d  over  a  pair  of  idlers  q  to  the  pulley  r.  Attached 
tor  is  another  pulleys,  which  is  belted  to  a  countershaft. 
Every  part  of  a  drilling  machine  should  be  as  rigid  as  pos- 
sible, as  a  very  slight  spring  in  any  of  the  parts  causes  inac- 
curacies in  the  work. 


PRINCIPAL  FUNCTIONS  OF  DRILLING 

MACHINES. 

6.  Purpose  of  Drilling  Machines. — The  drlllMifir 
macliine  was  brought  into  use  primarily  for  the  purpose  of 
sinking  circular  holes  into  a  solid  body,  which  is  called 
driilins  5  but  with  its  development  it  has  been  found  that 
it  can  be  used  advantageously  for  other  operations,  such  as 
reamingy  count ersijiking^  counterboringy  spot  facings  tappings 
center  drillmgy  etc. 

7.  Causes  of  Irregularity  in  Drilled  Holes. — The 

varying  hardness  of  the  metal,  blow  holes  in  castings,  and 
slight  imperfections  in  the  formation  of  the  tool  tend  to 
make  a  drilled  hole  imperfect.  Sometimes  the  hole  is  not 
quite  straight,  or  it  may  not  be  quite  round,  or  the  surface 
may  be  rough. 
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8.  RcamlaK.  —  In  order  lo  overcome  these  defects 
where  absolute  accuracy  is  necessary,  another  tool,  called  a 
reamer,  is  passed  through  the  hole.  This  operation  is 
known  as  reaming. 

9.  CounterslnklaK. — In  other  cases,  it  is  necessary  to 
enlarge  the  upper  end  of  the  hole,  as  shown  in  Fig.  3  {a). 
This  is  known  as  couaterslnklnfE. 


W 


lOt  CounterborlDE- — When  the  sides  of  the  enlarged 
hole  are  carried  down  straight  and  a  shoulder  is  formed  at 
the  bottom,  as  shown  in  Fig.  3  {i),  the  operation  is  called 
countcrtMtrtng. 

11.  Spot  Faclae- — Whenit  is  necessary  to  finish  a  body 
of  metal  only  a  small  distance  about  a  drilled  hole,  to  form 
a  smooth  surface  for  the  head  or  nut  of  a  bolt,  or  a  bearing 


for  the  hub  of  an  adjacent  part,  it  is  called  spot  faclnst  as, 
for  instance,  the  bearings  for  the  nuts  a,  a  on  the  cylinder 
head.  Fig.  4,  are  produced  by  facing  the  spots  i,  b. 
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1 2.  Facing:. — When  the  ends  of  hubs  are  finished  with 
a  revolving  cutter,  it  is  simply  called  facing,  as,  for  instance, 
in  the  case  of  the  rocker-arm  in  Fig.  5,  where  the  surfaces 
a,  a  are  faced  to  receive  the  pin  b  and  washer  c, 

13.  Tapping. — When  internal  screw  threads  are  cut 
in  a  piece  of  metal,  the  operation  is  called  tapping. 
The  hardened-steel  screw,  which  is  grooved  or  fluted  longi- 
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tudinally,  as  shown  in  Fig.  6,  and  with  which  the  thread  is 
formed,  is  called  a  tap. 

14.  Center  Drilllngr. — When  a  center  in  a  piece  of 
lathe  work  is  formed  with  a  drill  and  reamer,  it  is  called 
center  drilling. 


FORMS  OF  TOOLS  AND  THEIR  USES. 


DRILLING  TOOLS. 

15.  Classes  of  Drills. — The  drill,  which  is  one  of  the 
most  largely  used  tools  found  in  a  machine  shop,  is  made  in 
a  number  of  forms,  which  may  be  classified  under  the  two 
heads  y?rt/  drills  and  twist  drills. 

16.  Common  Characteristics.  —  These  different 
forms  have  three  essential  characteristics  that  are  common 
to  all.  First,  there  must  be  one  or  more  cutting  edges  that 
separate  the  small  particles  of  material  from  the  body  either 
by  scraping  or  cutting.  Second,  there  must  be  a  central 
leading  point  about  which  the  cutting  edges  revolve  and 
which  guides  the  drill  through  the  material.  This  is  ob- 
tained by  tapering  the  cutting  edges  toward  the  center, 
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as  shown  in  Fig.  7.  The  angle  a  of  this  taper  varies  for 
different  classes  of  work,  but  for  ordinary  drilling  it  is 
made  between  50°  and  60°.  The  Morse  Twist 
Drill  Company  recommends  59°,  while  Wm. 
Sellers  &  Co.  recommend  52°,  Third,  there 
must  be  a  clearance  back  of  th^  cutting  edge. 
Fig.  8  represents  the  point  of'a  flat  drill,  in 
which  b  is  the  clearance  angle,  sometimes 
called  the  angle  of  relief.     This  angle  should 


be  large  enough  so  that  the  stock  back  of  the  cutting  edge 
will  clear  at  all  times. 


17.     Early  Form  of  Drill. — The  earliest  form  of  ma- 
chine-shop drill  consisted  of  a  flat  piece  of  steel  drawn  down 


n 


flat  at  one  end,  as  shown  in  Fig.  9,  and  ground  to  the  desired 
shape.     This  class  of  drill  is  still   largely  used  i 
forms  and  is  known  as  the  flat  drill. 
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18.  Double  Scraplns  Edge. — The  form  used  in  the 
bow  drill  is  shaped  as  shown  in  Fig.  10.  The  edges  are 
beveled  on  both  sides,  thus  permitting  the  drill  to  be  rotated 
in  either  direction  while  both  edges  cut  equally  well.  This 
form  is  still  used  by  watchmakers  for  drilling  small  holes 
with  a  drill  that  runs  backwards  and  forwards  alternately. 
One  great  objection  to  this  drill  lies  in  the  shape  of  the  cut- 
ting edges  and  the  corners  at  the  outer  end  of  the  cutting 
edges.     The  metal  is  removed  by  scraping  rather  than  by 

cutting,  and  a  heavy  pressure  is  required  to 
make  it  work  satisfactorily.  These  conditions 
wear  the  scraping  edges  so  that  frequent  grind- 
ing is  necessary,  and  every  time  the  tool  is 
ground,  the  width  across  the  flat  part  is  re- 
duced, thus  reducing  the  diameter  of  the  hole 
it  will  drill.  This  difficulty  may  be  overcome 
by  making  the  sides  parallel  for  a  short  dis- 
tance above  the  outer  corners,  as  shown  in 
Fig.  11.  The  parallel  sides  also  form  guides 
for  the  drill,  thus  insuring  a  straighter  and  better  hole. 
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19.  Single  Cutting  Edge.  —  Another  form  of  drill 
that  may  be  revolved  in  either  direction  is  shown  in  Fig.  12. 
It  is  made  from  a  round  bar  by  grinding 
one  end  to  a  cone  of  the  required  taper 
and  grinding  away  one  side  to  the  center 
line,  as  shown.  This  drill  has  the  disadvan- 
tage of  cutting  on  only  one  edge  at  a  time, 
but  the  angle  of  the  edge  is  such  that  it 
cuts  more  freely  than  the  scraping  edges. 
The  parallel  sides  guide  the  drill  very 
accurately  and  a  fairly  straight  and  round 
hole  of  the  same  diameter  is  formed,  no 
matter  how  often  the  drill  may  be  ground. 
These  two  types  of  drills,  however,  are 
seldom  used  in  the  modern  machine  shop,  as  other  types 
that  will  cut  when  revolving  in  only  one  direction  have  been 
found  more  efficient. 


Fig.  12. 
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FLAT  DRII.I.S. 

20.  Form  of  Drill  Point.— The  simplest  and  most 
cheaply  made  machJne-Rhop  drill  is  Che  ordinary  flat  drill 
shown  in  Fig.  13.  When  rightly  formed, 
this  type  of  drill  does  very  excellent 
work.  It  is,  however,  a  hand-made  tool 
and  is  often  so  poorly  formed  and  i 
imperfectly  ground  that  its  work  is  not 
satisfactory. 

In  order  that  a  drill  may  cut  equally 
on  both  sides  and  form  a  smooth,  round 
hole,  the  point  must  be  in  the  center, 
the  cutting  edges  must  make  equal 
angles  with  the  center  line,  and  must  be 
of  the  same  length  and  have  equal 
clearance  angles. 

21>  Results  of  Improperly 
Formed  Drills.  —  Alt  these  require- 
ments must  be  carefully  observed.  It 
is  not  sufficient  to  have  the  point  in  the 
center  of  the  drill,  because  different 
angles  of  the  cutting  edges  will  cause  the 
drill  to  cut  on  one  side  only,  as  shown  in 
Pig.  li{a),  thus  throwing  twice  the  intended  depth  of  cut 
upon  the  one  cutting  edge.  It  also  causes  a  crowding 
against  one  side,  and  a  tendency  to  throw  the  center  of  the 
drill  out  of  its  correct  position.  The  angles  which  the  cut- 
ting edges  make  with  the  center  line  may  be  equal,  but  if 
the  lengths  of  the  cutting  edges  are  not  equal,  it  will  result 
in  the  condition  shown  in  Fig.  14  (^).  The  hole  will  be 
larger  than  the  drill,  and  the  outer  end  of  the  long  side  of 
the  cutting  edge  must  do  double  duty,  which  soon  dulls  it, 
causes  crowding,  and  makes  a  rough  hole. 

When  both  the  angles  with  the  center  line  and  the  lengths 
of  the  cutting  edges  are  unequal,  the  hole  will  be  larger 
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than  the  drill,  and  the  effect  will  be  as  shown  in  Fig.  14  (i). 
All  the  work  will  be  done  by  the  short  side  and  the  outer 
end  of  the  long  side.  Unequal  clearance  angles  will  cause 
one  side  to  cut  more  freely  than  the  other,  thus  distributing 
the  work  unequally.     Under  a  given  pressure,  the  side  with 


the  greater  clearance  angle  tends  to  take  a  deeper  cut  than 
the  other,  while  there  is  less  metal  to  support  its  cutting 
edge.  This  edge  wears  away  more  rapidly  than  the  other, 
resulting  in  unsatisfactory  working  conditions. 


22.-  Symmetrical  Cuttltiff  End. —  The  cutting  end  of 
a  drill  must  he  symmetrical  in  every  respect  in  order  to  do 
accurate  work.  It  should  also  be  as  thin  at  the  point  as  the 
material  to  be  drilled  and  the  size 
of  the  drill  will  permit.  A  care- 
ful examination  of  flat-drill  points 
will  show  that  the  cutting  edges 
a  b  and  c  d.  Fig.  15,  stand  on  oppo- 
site sides  of  the  center  line.  When 
the  clearance  angles  are  equal,  the 
two  planes  representing  the  clear- 
ance angles  will  intersect  in  the  line 
b  d  perpendicular  to  the  axis  of  the 
drill. 


§  10  DRILLING  AND  BORING.  11 

23.  Advantage*  of  Thin  Point. — It  will  readily  be 
seen  that  the  cutting  edges  extend  only  to  b  and  d^  and 
between  these  two  points  the  edge  has  equal  clearance  on 
both  sides,  producing  an  edge  resembling  that  of  a  cold  chisel. 
When  rotated,  it  is  simply  a  scraping  edge,  and  the  pressure 
required  to  force  it  through  the  metal  at  the  rate  at  which  the 
drill  should  cut  is  very  great  compared  with  the  pressure  re- 
quired upon  the  cutting  edges  proper.  This  scraping  edge 
also  wears  away  very  quickly,  which  necessitates  additional 
pressure.  It  becomes  evident,  then,  that,  in  order  to  do  the 
work  with  the  least  loss  of  power,  the  scraping  edge  b  d 
must  be  made  as  short  as  possible.  This  is  accomplished 
'when  the  point  is  made  very  thin. 

On  the  other  hand,  when  it  is  made  too  thin,  the  cutting 
edges  are  not  supported  sufficiently  well,  and  break  away, 
making  frequent  dressing  and  grinding  necessary.  .  No 
definite  rule  for  the  thickness  of  the  point  can  be  given, 
since  it  depends  largely  on  the  grade  of  steel  used  in  the 
tool  and  the  quality  of  the  material  to  be  drilled.  Experi- 
ence and  care  in  observing  the  action  of  the  drill  and  the 
working  conditions  alone  will  enable  one  to  determine  the 
correct  thickness. 

24.  Grooved  Drill  Point. — Sometimes  grooves  are 
formed  in  the  end  of  the  drill,  as  shown  in  Fig.  16,  thus 
providing  curved  cutting  edges,  which, 
when  properly  shaped,  remove  almost 
entirely  the  scraping  edges.  This  prac- 
tice, however,  tends  to  weaken  the  inner 
ends  of  the  cutting  edges  by  removing 
the  supporting  metal,  and  it  is  generally 
thought  to  be  better  simply  to  make  the 
end  of  the  drill  as  thin  as  practicable. 

25.  Parallel  Sides.— Flat  drills,  to    '  ^     ' 

give  the   best   results,  should   have   the  ^'®-  ^•• 

sides  a  b,  Fig.  17  {a),  parallel,  ^  inch  or  more  above  the 
cutting  edges.  This  parallel  portion  should  be  rounded  to 
fit  the  circumference  of  the  hole.      Drills  are  often  used 
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Fig.  17. 


with  the  corners  projecting  beyond  the  body,  as  shown  in 

Fig.  17  (*),  and  with  the 
sides  beveled,  as  shown  in 
Fig.  17  (r).  Drills  formed 
in  this  way  make  ragged 
holes,  and  when  there  are 
soft  or  hard  spots  or  blow 
holes  in  the  material 
drilled,  they  run  off  to  one 
side,  making  holes  that 
are  neither  straight, 
round,  nor  smooth.  The 
simple  precaution  of  ma-, 
king  the  sides  parallel  for  a 
short  distance  and  round- 
ing the  edges  to  fit  the 
desired  hole,  as  shown  in 
Fig.    17    {a),    will,    when 

the  point  is  rightly  formed,  obviate  this  difficulty  almost 

entirely. 

26.  Drill  Sliank. — The  portion  of  the  drill  between 
the  flattened  part  and  the  upper  end  is  called  the  stiank. 
It  should  be  somewhat  smaller  than  the  hole,  in  order  to 
work  freely  in  it.  In  the  case  of  comparatively  shallow  holes, 
the  flat  part  should  extend  to  a  point  high  enough  so  that 
the  cuttings  or  chips  can  work  out.  The  shank  should  be 
round.  The  corners  of  any  angular  section  draw  the  chips 
under  them  and  clog  the  drill.  Even  with  a  round  shank 
and  a  perfectly  formed  drill,  there  will  be  more  or  less 
clogging  in  a  deep  hole,  and  it  is  often  necessary  to  back  out 
the  drill  and  remove  the  cuttings. 

27.  Lipped  Drills.  —  In  the  kind  of  drill  just  con- 
sidered, the  front  of  the  cutting  edge  is  either  perpendicu- 
lar to  the  direction  of  travel,  as  shown  in  Fig.  18  {a)^  or,  if 
the  drill  is  tapered  toward  the  point,  it  may  have  a  slight 
negative  front  rake,  as  shown  in  Fig.  18  {h).  In  order  to 
gain  the  advantage  of  a  better  cutting  edge,  a  groove  is 
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sometimes  ground   above   the   cutting   edge,  as  shown  in 
Fig.  19  (it),     a  section  through  c  </  is  shown  in  Fig,  19  (^). 

The  same  end  may  be  ac- 
complished by  dressing  the 
drill  with  the  cutting  edge 
lipped,  as  shown  in  Fig.  l!l  (c). 
Fig.  HI  {J)  shows  a  section 
through  «■/-  In  both  of  these 
cases,  care  must  be  taken  to 
leave  enough  metal  back  of  the 
the  cutting  strain. 

if  il  1 


edge  to  withstand 


28.  Twiated  Flat  Urllltt.— One  disadvantage  in  both 
of  these  drills  is  that  the  grinding  reduces  the  Up,  and  it  is 
necessary  to  have  them  dressed  oftener  than  the  ordinary 
flat  drill.  This  objection  may  be  overcome  by  twisting 
the  end  of  the  drill  into  a  spiral,  as  shown  in  Fig.  \'J(e). 
Jn  this  way,  the  same  angles  of  the  cutting  edges  may  be 
obtained,  while  the  shape  is  not  altered  by  grinding,  until 
the  entire  spiral  is  ground  away.  The  spiral  also  assists  in 
carrying  the  cuttings  away  from  the  drill  point. 


TWIST  DRILLS. 

20.  Commercial  Twist  Drills.— These  advantages 
J  have  led  to  an  almost  universal  use  of  the  twist  drill, 
I  as  the    commercial    aplrul  drill  is  called.     Fig.  20  {a) 
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illustrates  an  ordinary  commercial  drill  of  this  type.     It 
is  made  from  round  stock,  the  spiral  flutes  being  cut  with 

a  milling  cutter.  The  surface  between 
the  flutes  is  backed  off  slightly  from  near 
the  cutting  edges  a,  a.  Fig.  21  (a),  to  the 
backs  6y  b  of  the  other  flutes,  leaving  only 
narrow  strips  a  c  the  full  diameter  of  the 
drill.  This  is  done  to  reduce  the  bearing 
surface  on  the  side  of  the  hole,  while 
enough  surface  is  left  to  form  a  perfect 
guide,  owing  to  the  fact  that  the  bear- 
ing ac  runs  in  a  spiral  around  the  drill. 

In  some  drills  a  narrow  bearing  strip 
is  left,  as  shown  in  Fig.  20  (d),  the  clear- 
ance being  cut  away,  concentric  with  the 

h 


(a)  (b) 

Fig.  90. 


(b) 


Fig,  21. 


bearing  surface,  as  illustrated  in  Fig.  21  {b).  Twist  drills 
are  manufactured  in  such  a  large  variety  of  sizes,  are  found 
so  efficient,  and  can  be  bought  at  such  a  small  cost  that 
they  are  rarely  made  in  the  tool  room. 

30.  Precautions  in  Grinding. — The  irregularities 
that  arise  from  imperfect  grinding,  which  have  been  men- 
tioned in  connection  with  the  treatment  of  the  cutting 
edges  of  flat  drills,  are  applicable  to  the  twist  drill  as  well. 
The  dangers  suggested  are,  however,  almost  entirely  over- 
come by  the  use  of  special  grinding  machines. 


STRAIGHT-FLUTED  DRILLS. 

31.  A  stralsht-fluted  drill  has  been  found  very  ser- 
viceable for  drilling  thin  plates  and  brass.  With  a  twist 
drill  there  is  a  tendency   to  plunge  forwards   as  the  drill 
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comes  through  the  plate.     This  is  overcome  by  having  a 
drill  formed  like  the  twist  drill,  but  with  straight 
instead  of  spiral  flutes,  as  shown  in  Fig.  22. 


SLOT  AND  TBAT  DRILLS. 

32.  Forms  of  Slot  Drills. — In  drilling  ma- 
chines where  a  feed  perpendicular  to  the  center 
line  of  the  spindle  may  be  secured,  slot,  or  key- 
way,  drills  are  often  used.  These  are  made  in  a 
number  of  different  forms.  In  Fig.  23,  (a),  (d), 
(r),  and  (d)  show  four  different  kinds,  all  of  which 
are  quite  satisfactory  in  metal  of  uniform  hardness. 

33*     Advantages    of    Some    Forms.  —  In 

sinking  these  drills  into  the  metal,  holes  are 
formed  as  shown  in  Fig.  23  (e),  (/),  (^),  and  (//). 
The  central  cores  in  Fig.  23  (e)  and  (/)  form 
guides  for  the  drill,  which,  in  metal  of  varying 
hardness,  have  been  found  of  great  advantage. 

Slot  drills  are  used  largely  in  forming  keyways, 
or  slots,  in  shafts.  They  are  sunk  into  the  metal 
a  sufficient  depth  for  a  longitudinal  cut  and  are  then  fed 


Fig.  22. 


(c) 


Fig.  23. 


lengthwise  along  the  shaft,  thus  cutting  out  the  metal  to 
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this  depth  throughout  the  entire  length  of  the  slot.  The 
drill  is  then  lowered  enough  to  furnish  another  longitudinal 
cut  and  the  operation  is  repeated  until  the  required  depth 
is  obtained. 

34.  Teat  DHIIa.— The  drills  shown  in  Fig.  33  (c) 
and  (rf)  may  be  used  in  squaring  the  bottoms  of  holes 
made  by  an  ordinary  twist 
drill  at  the  ends  of  keyways 
to  be  planed  or  chipped.  The 
teat  drill, Shown  in  Fig.  24,  is 
used  for  this  same  purpose, 
but  may  be  used  for  drilling 
the  entire  depth  of  the  holes 
required.  The  teat  tj  is 
ground  to  a  point,  being  ta- 
pered in  both  directions,  and 
acts  as  a  guiding  point  for  the 
drill.  The  cutting  edges  are 
of  the  same  form  as  those  shown  in  Fig.  33  (f)  and  (rf). 


ANNULAR  CUTTEtta. 

35.  Single  Tool. — An  annular  cutter  that  is  used 
very  generally  for  removing  large  bodies  of  metal  and  cut- 
ting large  holes  in  boiler  plates,  rod  ends,  etc.  is  shown  in 
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Fig.  25.  The  tool  a  is  practically  a  cutting-off  tool,  with 
the  proper  side  rake  to  clear  the  circular  sides  of  the  hole. 
A  hole  c  is  first  drilled  for  the  guide  pin  b,  after  which  the 
stock  around  the  hole  c  is  removed  as  a  washer  with  a  hole 
in  the  center. 

36.  Double  Tool. — Sometimes  two  tools  are  used,  one 
on  each  side  of  the  center,  as  shown  in  Fig.  26.  This  bal- 
ances the  side  thrust  upon  the  center  pin  b  and  reduces  it  to 
a  minimum,  besides  doubling  the  capacity  of  the  tool. 

37.  Spriiifir  Center. — In  light  work,  such  as  cutting 
holes  in  boiler  plates,  the  necessity  of  drilling  the  center 
hole  may  be  avoided  by 
using  a  tool  like  the  one 
shown  in  Fig.  27.  The 
center  pin  rests  in  a 
punch  mark,  thus  form- 
ing a  guide  for  starting 
the  cutting  tools,  while 
a  spring  that  acts  upon 
the  end  of  the  pin  per- 
mits it  to  recede  as  the 
too!  travels  through  the 
plate.  This  device  op- 
erates very  nicely  in 
comparatively  small 
holes  in  light  plates,  but  for  large  holes  or  very  heavy  stock 
a  solid  center  pin,  running  in  a  drilled  hole,  is  necessary. 


p. 


jq 


m'A 


Fig.  27. 


DRILL.  SHANKS. 

38.  Straight  Shank. — On  ordinary  flat  drills,  the 
shanks  shown  in  Fig.  28  (cl)  and  (^)  are  most  commonly  used. 
In  Fig.  28  (a)  the  shank  is  straight  and  slightly  flattened 
at  a  in  order  to  furnish  a  good  bearing  for  the  setscrew. 
The  end  of  the  screw  often  cuts  a  burr  at  the  bearing  point, 
which  prevents  the  easy  removal  of  the  drill,  and  to  avoid 
this  the  shank  may  be  turned  down  slightly  at  the  bearing 
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point  of  the  screw,  as  shown  at  «,  Fig,  28  (i).  Theshouldfl 
also  prevents  the  tool  from  dropping  out  of  the  socket  whi 
the  screw  becomes  slightly  loose. 


39.  Taper  Shank.  — Fig.  28  (c)  and  (,/)  shows  the 
shank  tapered.  The  taper  is  so  made  that  it  will  hold  the 
drill  from  dropping  out  of  the  socket,  while  the  flat  end,  or 
tang,  at  the  top,  which  tits  into  the  hole  in  the  socket,  pi 
vents  the  drill  from  turning  in  the  socket.  There  are  : 
eral  tapers  used  by  different  makers  of  drills.  The  Mi 
Twist  Drill  Company  uses  a  taper  of  about  f  inch  to  the 
foot.  Some  makers  have  a  key  inserted  in  the  socket  to 
assist  the  tang  in  preventing  the  drill  from  turning.  This 
calls  for  a  corresponding  keyway  in  the  drill  as  shown 
a,  Fig.  28  {d). 


LUBRICATION    OP    DRILLS. 
40.     Requirements. — Cast  iron  and  brass  arc  drilld 
without  lubricating  the  drill  point;  in  fact,   in  cast  iron  j 
lubricant  causes  the  fine  cuttings  to  cake  and   choke  t 
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drill.     In  drilling  wrought  iron  and  steel,  on  the  other  hand, 
the  drill  poiiu  should  be  thoroughly  lubricated. 

41.  Appllcfttlon  of  Lubricants. — The  lubricant  is 
asually  applied  by  dropping  it  into  the  hole  and  permitting 
il  to  run  down  along  the  sides  of  the  hole  and  the  drill. 
This  method  has  been  found  rather  unsatisfactory,  as  the 
cuttings,  in  working  their  way  to  the  surface,  tend  to 
carry  the  lubricant  up,  and  in  some  cases 
very  little,  if  any,  reaches  the  drill  point 
where  it  is  most  needed. 

Fig.  29  {a)  shows  a  very  simple  method 
br  means  of  which  better  lubricating  con- 
ditions are  obtained.     Two  spiral  grooves 
a.  a  are  cut  parallel  with  the  flutes  ^,  6, 
I  thus   forming   separate    channels   for   the 
llubrtcant.     There  is  some  danger  of  these 
I'grooves    becoming    clogged    by    fine   par- 
fticles    that    work    around    the   drill,    and 
[' small   brass    lubes    are    brazed    into    the 
I  grooves  as  shown,  in  order  to  insure  an 
r unobstructed  flow.       Fig.  'iH  (*)  shows   a 
•  drill  with  holes  running  through  the  solid 
^Sietal. 

42*     Provision  for  Supplying  l.u- 

brlcAntB. — The  lubricants  may  be  carried      "^^F  r-^ 

3  the  holes  tn  the  drill  through  the  chuck  ^Q 

r  through  a  small  attachment  placed  just        („j  „, 

the  chuck.     Fig.  30  illustrates  an    .         •'■«■  » 

|»ltachment  that  is  frequently  used.     A  collar  a  js  fitted  to 


flje  lowpr  end  of  the  drill  socket 
S.  VvL  U.-IQ. 


•n,  and  is  kept  from 
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revolving  with  the  spindle  by  means  of  a  pipe  that  rests 
against  the  column  of  the  machine  and  through  which  the 
oil  is  conveyed  to  the  collar.  Inside  of  the  collar,  and 
immediately  over  a  pair  of  holes  in  the  socket  that  corre- 

« 

spond  to  the  upper  holes  in  the  drill,  a  circular  groove  b  is 
turned,  thus  forming  a  connection  between  the  outer  pipe  c 
and  the  drill.  The  oil  is  supplied  by  means  of  an  oil  pump, 
under  sufficient  pressure  to  insure  a  steady  flow  to  the  drill 
point,  and  is  carried  to  the  attachment  by  means  of  a  flex- 
ible tube. 


REAMERS. 

43.  Purpose  of  Reamers. — Drilled  holes  are  rarely 
formed  perfectly  round  or  straight,  and  with  each  grinding 
of  the  drill,  especially  when  the  grinding  is  done  by  hand, 
the  diameter  is  liable  to  vary  slightly.  It  is  therefore 
necessary,  in  work  where  accuracy  is  required,  to  true  the 
hole.  This  is  done  by  passing  a  tool  called  a  reamer 
through  it. 

44.  Flat  Reamers. — Reamers  are  made  in  various 
forms.  The  simplest  of  these  consists  of  a  flat  piece  of 
steel  turned  accurately  to  the  diameter  of  the  hole,  with 
the  cutting  edges  shaped  much   like   those  of  the   ordinary 

twist  drill,  but  with  a  greater 
angle  between  the  cutting 
edges.  Fig.  31  illustrates 
this  type.  It  is  used  fre- 
quently because  of  its  cheap- 
ness, but  despite  its  cheap- 
ness it  is  not  an  economical 

tool,  as  it  does  not  produce  a  hole  of  sufficient  accuracy  for 

the  better  grades  of  machine  work. 


I 


Fig.  31. 


45.  Fluted  Reamers. — A  better  type  of  reamer  is 
shown  in  Fig.  32.  It  consists  of  a  piece  of  round  steel  with 
flutes  cut  lengthwise.     For   the   general   run  of  work,  the 
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flutes  are  so  shaped  that  the  cutting  faces  lie  in  radial  planes, 
as  shown  in  Fig.  33  (a). 


Pig.  32. 

46*  Undercut  Faces. — Fluted  reamers  are  sometimes 
made  with  the  cutting  faces  cut  under,  as  shown  in  Fig.  33  {b). 
This  is  not  right,  as  the  slightest  spring  causes  the  cutting 
edges  to  run  more  deeply  into  the  metal,  resulting  in  an  in- 
jured or  enlarged  hole,  and  sometimes  in  a  broken  reamer. 


FlO.  88. 

47.  Curved  Cutting  Faces. — Reamers  with  curved 
cutting  faces  a,  ^,  illustrated  in  Fig.  33  (r),  are  objection- 
able, as  they  have  a  negative  front  rake  that  is  increased  by 
grinding. 

48.  Brass  Reamer. — Fig.  33  {(/)  illustrates  a  reamer 
that  is  used  for  brass  when  a  sufficiently  large  amount  of 
work  is  to  be  done  to  warrant  the  expense  of  a  special 
reamer.  The  faces,  in  sizes  of  about  f  inch  to  1  inch  in 
diameter,  are  set  forwards  from  the  radial  line  about  ^\ 
inch,  and  are  made  parallel  to  it,  thus  giving  a  negative  front 
rake.  For  larger  sizes,  the  faces  are  set  forwards  a  corre- 
sponding amount. 

49.  Number  of  Cuttingr  Eds^es. — \  reamer  should 
always  have  enough  cutting  edges  to  guide  itself  in  a  straight 
line  through  the  hole.  There  should  never  be  less  than 
four,  and  where  the  diameter  is  large  enough  to  make  it 
practicable  there  should  be  more.     The  number  of  edges 


should  be  even  and  not  odd, 
caliper  the  reamer. 


50.  Roundttd  or  Tapered  Ends. — The  ends  of  tM 
cutting  edges  should  be  rounded  slightly,  as  shown  at  4 
Fig.  3-(.  This  creates  a  tendency  for  the  ream 
to  keep  working  toward  the  center  of  the  how 
This  same  advantage  is  secured  by  making  tU 
lower  end  with  a  slight  taper,  }  inch  or  r 
long,  as  shown  at  a  6,  Fig.  35. 

S 1 .     Deptii  of  Cut. — In  all  classes  of  ream 
ing,  the  holes  should  be  drilled  as  nearly  to  the 
finished  size  as  possible,  so  that  the  reamer  need 
take  only  a  light  finishing  cut.     This  preserves 
the  edges,  avoids  frequent  grinding,  and  lengthy 
ens  the   life  of  the  reamer.     An  allowance  ^M 
1  ^f  inch  of  stock  is  sufficient  for  the  reamer  iS 
holes  having  a  diameter  of  1  inch  or  less,  while 
Fio.  M      jjj  boles  having  diameters  between  1  and  2  inches, 
^  inch  is  enough.     For  sizes  above  2  inches  in  diameter  it  is 
usually  considered  best  to  finish  tht!  hole  with  a  boring  bar 
and  cutter,  except  in  cases  where  the  hole  passes  through 


two  adjoining  parts.  In  such  cases,  a  long  reamer  may  be 
used  for  finishing.  Holes  above  H  inches  are  sometimes 
finished  with  large  shell  reamers. 


TAPr,H  nr.AMBRS. 

52.     Solid     Taper     KeanierM.  —  Tapered     holes     for 

dowe!  pins  and  various  other  purposes  have  brought  tiip«r 

reamers  into  very  general  use.     They  are  fluted  and  made 
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like  a  straight  reamer,  except  that  the  sides  are  tapered. 
Fig.  36  {a)  illustrates  a  reamer  of  this  type. 


53.  Heavy  Duty  of  Taper  Reamer. — The  duty  of  a 

L  taper  reamer  is  heavier  than  that  of  a  straight  reamer, 
I  since  it  must  remove  a  larger  body  of  metal.  The  drilled 
I  hole  is  straight  and  must  be  a  little  smaller  than  the  small 
lend  of  the  reamed  hole.  The  amount  of  metal  that  must 
fbe  removed  is  represented  by  the  part  u  c  h  in  Fig.  37,  and 
ftdepends  on  the  taper  required. 

54.  RouffhlnK  Reamer. — Where  the  taper  is  great, 
1  rouKhlns  reamer.  Fig.  3'j  {/'},  is  first  used  to  remove 
.he  excess  of  melai.     This  is  followed  by  a  finishing  reamer, 


I  Fig.  36  ((f),  which  should  take  only  a  very  light  finishing  cut. 
rli)  some  shops,  it  is  customary  to  relieve  the  reamer  In 
■heavy  work  by  countcrboring  steps,  as  shown  in  Fig.  ;jS. 
is  a  rather  dangerous  proceeding,  as  the  cutting  edges 
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of  the  reamer  are  liable  to  be  injured  in  removing  the  heavy 
metal  on  the  corners  of  the  steps,  and  the  varying  depth  of 
cut  causes  uneven  wear  of  the  cutting  edges,  resulting  in 
unsatisfactory  working  conditions  and  imperfect  holes. 
There  is  also  danger  of  the  counterbore  being  made  too 
deep  and  extending  beyond  the  limits  of  the  metal  to  be  re- 
^ iw.^1 moved.   It  is  better  to 

^'^^^^ ■  ■" ■"  ^    "^-j^^    ^- ^   deep  grooves  running 
^'°-^-  in  a  left-hand   spiral 

across  the  cutting  edges,  as  represented  in  Fig.  39.  This 
should  be  followed  by  the  roughing  reamer  mentioned  above, 
to  take  out  the  coarse  tool  marks  and  to  enlarge  the  hole  so 
that  only  enough  stock  is  left  to  allow  a  light  finishing 
cut  to  be  taken  with  a  smooth  finishing  reamer.  In  holes 
of  very  slight  taper,  the  roughing  reamer  is  usually  not 
used,  but  even  here,  when  a  large  number  of  holes  are  to  be 
^  reamed,  it  is  advisable  to  use  it,  as  it  preserves  the  cutting 
edges  and  the  accuracy  of  the  finishing  reamer. 

55«  Care  of  Reamers. — The  most  serious  difficulty 
met  with  in  reaming  is  the  maintenance  of  the  full  diameter 
of  the  cutting  edges,  and  in  order  to  keep  them  in  good 
condition  as  long  as  possible,  the  greatest  care  should  be 
taken  in  their  use.  This  is  especially  necessary  with 
finishing  reamers,  which  may  be  rendered  useless  by  a  very 
little  wear  or  a  slight  injury.  Reamers  should  never  be 
pounded  or  jerked  sidewise  when  in  a  hole,  and  when  not  in 
use,  they  should  always  be  kept  on  wooden  shelves,  or  on  a 
wooden  board,  or  other  support,  if  at  the  machine. 

56«  Inserted  Blades.  —  A  form  of  reamer  that  is 
gradually  growing  in  favor  is  illustrated  in  Fig.  40.  The 
cutters,  which  are  made  of  steel,  are  dovetailed  into  a  solid 
body.  In  reamers  of  5  or  6  inches  diameter,  the  body  is 
sometimes  made  of  cast  iron.  The  special  advantage  of 
this  form  lies  in  the  ease  with  which  an  injured   blade  may 
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be  renewed.  In  the  solid  reamer,  a  cracked  or  broken  cut- 
ting edge,  or  any  slight  warping,  throws  the  whole  reamer 
out  of  use.  In  this  form,  the  injured  part  is  simply  driven 
out  of  the  dovetail,  a  new  one  is  inserted,  and  the  reamer  is 
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as  good  as  when   it   was   new.     This  is  especially  advan- 
tageous in  the  larger  sizes,  which  are  very  expensive. 

Inserted  blades  are,  however,  not  practicable  in  the 
smaller  sizes,  as  there  is  not  stock  enough  to  support  the 
blades  properly.  Opinion  as  to  the  minimum  size  in  which 
they  can  safely  be  used  varies ;  ordinarily,  they  are  not  used 
in  reamers  less  than  IJ  inches  in  diameter. 


AD.JUHTABL.B    RBAMBR8. 

57«  Advantages  of  Adjustable  Reamers. — When 
solid  reamers  are  used,  it  is  customary  to  make  the  diameter 
as  much  larger  than  the  desired  diameter  as  the  limit  of 
error  in  the  working  fit  will  permit,  and  to  use  it  until  the 
diameter  has  been  reduced  to  the  inside  limit  of  error,  after 
which  it  must  be  worked  over  or  discarded.  For  the  best 
grades  of  machine  work,  where  the  permissible  variation  is 
reduced  to  a  minimum,  the  life  of  such  a  reamer  is  very 
short. 

58.  A  Simple  Acljustable  Reamer. — For  this  reason, 
reamers  with  adjustable  cutting   edges   have   been   found 


Pig.  41. 


much  more  satisfactory  than  the  solid  type.     Fig.  41  shows 
one  type  of  acUustable  reamer.     The  reamer  is  adjusted 
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to  the  desired  size  by  means  of  a  ground  tapered  plug  that 
acts  upon  the  blades  a^  and  is  locked  by  the  locknut  b  when 
the  adjustment  has  been  made.  With  this  type,  a  limited 
amount  of  wear  or  the  reduction  of  diameter  due  to  grind- 
ing can  readily  be  taken  up. 

59*  AclJuBtable  Reamer  for  Different  Sized 
Holes. — An  adjustable  reamer  so  constructed  that  all  the 
cutting  edges  are  adjusted  uniformly  throughout  their 
entire  length,  and  in  which  the  adjustment  is  easily  made, 
may  take  the  place  of  a  number  of  solid  reamers  that  would 
otherwise  be  necessary  for  different  fits  of  the  same  nominal 
diameter.      Fig.  42  (a)  and  (b)  shows  a  reamer  especially 
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made  for  this  purpose.  The  blades  ^r  are  held  in  the  body  b 
by  dovetails,  which  taper  toward  one  end,  and  as  the  blades 
are  carried  along  longitudinally,  they  are  moved  out  and 
the  diameter  is  enlarged.  A  collar  c  determines  the  position 
at  which  the  blades  stand  and  fixes  the  diameter.  By  hav- 
ing different  sets  of  blades,  and  collars  of  different  lengths, 
such  a  reamer  may  be  used  for  a  number  of  sizes  and  will 
do  fairly  accurate  work.  Fig.  42  (^)  shows  a  section  through 
de  oi  Fig.  42  {a).  For  extreme  accuracy  the  solid  reamer 
is  best.  Sometimes  adjustable  reamers  are  so  arranged 
that  forcing  the  blades  toward  the  point  expands  them,  the 
nut  being  placed  back  of  the  blades. 

60.  Expansion  Reamer. — Another  adjustable  form 
of  reamer,  known  as  the  expansion  reamer,  is  shown  in 
Fig.  43.  The  reamer  is  drilled  for  a  taper  plug  in  the 
lower  end,  and  the  sides  are  slotted,  as  shown.     The  plug 
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is  threaded,  ami,  when  screwed  into  the  end  of  ihe 
expands  it.  Reamers  of  this  kind  are  made  as  smnl!  as 
J  inch  in  diameter,  while  the  reamer  illustrated  in  Fig.  41 
is  not  made  smaller  than  J  inch.  The  adjustment  also 
is  very  easily  made,  and,  by  taking  a  number  of  cuts,  a 
e  amount  of  metal  may  be  removed.  The  hole  is  not, 
,  very  accurate.     The  expanding  plug  enlarges  the 


I 
I 


middle  of  the  reamer  most,  and  the  cutting  edges  taper 
toward  the  ends,  resulting  in  curved  cutting  edges  with- 
out a  straight  portion  to  guide  them.  Any  unevenness 
in  the  structure  of  the  metal  causes  the  reamer  to  run 
out  of  its  true  course.  Where  atcuracy  is  essential,  this 
kind  of  reamer  should  never  be  used  for  the  finishing  cut, 
but  should  be  followed  by  a  finishing  reamer. 


SHELL  AND  HOSK  RKAMERS. 

61.  Fig,  44  (n)  shows  an  ordinary  shell  reamer,  and 
Pig.  44  {&)  a  roae  »hell  reamer.  Both  of  these  have 
already  been  described  in  Art.  31,   Lathe   Work,  Part  2. 


They  are  sometimes  fitted  to  shanks,  which  in  turn  fit  drill 
sockets,  and  are  used  in  drilling  machines.  The  rose  reamer 
is  especially  well  adapted  to  removing  a  large  amount  of 
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metal  in  this  way,  but  usually  does  not  leave  the  hole 
smooth,  and  should  therefore  be  followed  by  a  finishing 
reamer. 

The  rose  reamer  shown  in  Fig.  44  (d)  has  a  flute  for  every 
second  cutting  edge.  Many  persons  prefer  to  have  a  flute 
for  each  cutting  edge,  claiming  that  it  adds  to  the  efficiency 
of  the  reamer.  Rose  reamers  are  therefore  often  made  this 
way.  If  the  rose  reamer  is  used  for  horizontal  work,  as 
in  a  horizontal  drill  or  lathe,  the  chips  will  clog  in  the  short 
flutes;   hence,  each  cutting  edge  should  have  a  flute. 


COUNTERSINK. 

62«  Definition. — It  is  frequently  necessary  to  enlarge 
the  end  of  a  drilled  hole  to  take  the  taper  head  of  a  bolt  or 
other  machine  part,  as  shown  in  Fig.  3  {a).  This  operation 
is  known  as  countersinlcins. 

63.  Drill  as  a  Countersinlc.  —  The  tools  used  in 
countersinking  resemble  very  closely  the  various  forms  of 
drills.  In  some  shops  and  for  some  classes  of  work,  the 
point  of  a  drill  is  simply  ground  to  the  desired  taper. 
When  the  cutting  edges  are  properly  formed,  the  metal 
uniform,  and  the  surface  smooth,  very  good  results  are 
obtained  in  this  way,  but  for  general  use  it  is  better  to 
have  a  countersink  that  is  guided  by  a  center  pin. 

64.  Pin  Countersinlc. — A  flat  countersink  provided 
with  a  pin  ^,  which  fits  the  hole  and  holds  the  tool  perfectly 
central  under  all  conditions,  is  illustrated  in  Fig.  45.  This 
same  style  of  tool  is  sometimes  made  with  four  cutting 
edges,  as  illustrated  in  Fig.  46. 

65.  Pin    and    Collar    Counterslnlcinfi:. — Where    a 

countersink  of  the  same  taper  is  occasionally  required  in 
holes  of  different  diameters,  a  tool  as  shown  in  Fig.  47  is 
found  very  serviceable.     The  pin  r/,  instead  of  fitting  the 
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Me,  becomes  the  bearing  of  a  set  of  collars  c,  which  are 
turned  on  the  outside  to  fit  the  different  holes  in  which 
I  the  tool  is  to  be  used.     The  collars  in  this  form  of   tool 


[■  are  secured  by  a  screw  d  and  washer  <f.     The  cutting  edges 
r  may  be  made  of  any  type  desired,  but  four  edges,  as  shown 


the  illustration,  are  perhaps  the  most  desirable,  there 
ring  enough  cutting  edges  to  guide  properly,  while  the 
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construction  is  very  simple.  Turning  the  cutting  edges 
back,  as  shown,  forms  a  bearing  for  the  lop  of  the  collar  and 
facilitates  the  grinding.  In  some  cases,  collars  are  simply 
slipped  over  the  pin  of  an  ordinary  countersink. 

06.     Combined     Reamer    and    Countersink.  —  In 

plate  work,  reaming  and  countersinking  may  be  done  at  the 
same  time  with  the  combination  tool  shown  in  Fig.  48.  The 
lower  end  a  is  made  like  an  ordinary  fluted  reamer,  while 
the  countersink  d  is  formed  with  four  cutting  edges  ground 
to  the  desired  angle. 

67.  Center  Countersinkn. — Milled  and  half-round 
countersinks,  as  shown  in  Fig.  49  (a),  {d),  and  (c),  are  used 
almost  entirely  in  enlarging  centers  in  lathe  work,  but  these 
styles  maybe  used  for  ordinary  countersinking  as  well. 


COUNTERBOHE. 

68.  Ordinary  Types. — Counterbortng  consists  of 
enlarging  a  hole  at  one  end  so  that  the  enlarged  part  has 
parallel  sides  and  a  flat  bottom,  as  illus- 
trated in  Fig.  3  {6).  For  small  counter- 
bores,  any  of  the  pin  countersinks  already 
described,  with  the  cutting  faces  ground 
at  right  angles  to  the  center  line,  as  in 
Fig.  50,  are  frequently  used. 

69.  Double-End  Cutter.  — A  better 
counterbore,  Fig.  51,  is  made  from  a  round 
bar  of  steel  with  a  rt-ctangular  hole  cut 
through  it,  into  which  a  flat  cutter  a  is 
inserted  and  held  by  means  of  a  kfey  i. 
The  lower  end  of  the  bar  is  made  to  fit  the 
hole  without  any  play,  while  the  length  of 
the  cutter  represents  the  diameter  of  the 
This  cutter  cuts  on  both  sides  of  the   bar, 
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and  great  care  must  be  taken  to  have  it  project  the  same 
distance   on   each    side,  and   to 
have  the  cutting  edges  ground 
so  that  both  sides  will  take  an 
equal  cut. 

70.     Sinsie-End  Cutter.— 

This  style  of  counterbore  is 
sometimes  made  with  the  cutter 
projecting  on  one  side  only. 
The  latter  tool  is  used  very  gen- 
erally in  boring  holes  in  horizon- 
tal drilling  and  boring  machines, 
and  is  usually  called  a  boriyig  bar 
and  cutter.  fig.  51. 

71*  Milled  End  of  Bar. — Sometimes  the  lower  end  of 
the  boring  bar  and  of  the  pin  on  the  pin  counterbore  is  made 
with  the  corners  slightly  rounded  and  serrated.  This  is 
especially  useful  when  the  hole  is  drilled  slightly  under  size 
or  is  not  perfectly  round,  as  it  enables  the  boring  bar  to  cut 
away  enough  metal  to  permit  it  to  turn  freely. 

72.  Counterbore  for  Light  Work. — A  very  useful 
tool  for  counterboring  is  illustrated  in  Fig.  52  {ix),  A  circu- 
lar hole  a  is  drilled  in  the  bar  ^,  in  which  a  circular  piece  of 
tool  steel  c  is  inserted  and  held  in  place  by  a  pin  d.  The  bar 
is  then  put  in  a  lathe  and  the  ends  of  the  tool  c  turned  up  to 
the  desired  diameter.  The  ends  are  backed  off  and  the  cut- 
ting edges  ground  as  shown.  The  lower  end  of  the  bar  is 
turned  to  the  diameter  of  the  hole  below  the  counterbore,  to 
form  a  guide  for  the  tool. 

This  tool  gives  very  good  results  when  operated  with  care 
and  on  light  cuts,  but  the  cutter  is  not  heavy  enough  to 
stand  a  very  heavy  strain.  The  breaking  of  the  cutter  is, 
however,  not  a  serious  matter,  as  it  can  be  replaced  with 
very  little  loss  of  time  and  at  small  expense. 

73.  Counterbore  With  Changeable  Tool.  — This 
same  style  of  cutter  may  be  used  witih  th^  (JeyicQ  shown 
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in  Fig.  52  (d)  without  danger  of  breaking  under  ordinary 
usage.  The  bar  d  has  a  hole  a  drilled  into  it  as  in  Fig.  52  (^), 
and  immediately  above  this  a  slot  c  is  formed.  The  tool  d 
is  made  with  an  angle  on  top,  as  shown,  and  a  support  c  for 
the  cutter  is  shaped  to  fit  this  angle  and  the  slot  c  when  the 


.^. 
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Pig.  62. 

tool  stands  in  its  proper  position.  A  wedge  /  holds  the  tool 
and  its  supporting  piece  rigidly  in  place,  while  the  pin  £' 
prevents  any  end  motion  of  the  cutter.  The  piece  e  should 
run  the  entire  length  of  the  cutter,  in  order  to  furnish  as 
much  support  for  the  ends  of  the  tool  as  possible. 

A  set  of  cutters  and  supports  of  different  lengths  may  be 
made  for  use  in  the  same  bar,  thus  providing  counterbores 
of  a  number  of  sizes  at  a  very  small  cost.  A  set  of  collars 
for  the  bar  end  that  will  fit  various  holes  will  render  this  tool 
available  for  a  large  range  of  work. 

74«  Special  Counterbore.  —  Another  tool  that  is 
sometimes  used  in  counterboring,  and  is  available  for  a  broad 
range  of  work,  is  shown  in  Fig.  53.  The  body  a  has  grooves  6 
running  lengthwise,  into  which  blades  ^,  with  side  projec- 
tions rf,  are  fitted.  The  blades  are  held  in  place  longitudi- 
nally by  the  hooked  ends  r,  which  fit  a  corresponding  groove 
in  the  nuty.  An  opening  ^  at  the  end  of  the  nut  permits 
the  blades  to  enter  when    the  nut  is  turned  to  the  right 
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position.  When  the  blades  are  all  in  place,  they  are  moved 
to  the  right  location  on  the  body  by  screwing  up  the  nut/", 
and  are  locked  in  place  by  the  locknut  k. 

It  will  be  seen  that  by  making  sets  of  blades  of  different 
sizes  and  providing  center  pins  i  of  corresponding  sizes,  a 
set  of  counterbores  covering  a  wide  range  of  work  may  be 
provided.     While  this  tool  is  more  expensive  than  the  one 


shown  in  Fig.  53  (b),  it  has  the  advantage  of  being  available 
for  smaller  holes,  since  the  size  of  the  center  pin  may  be 
made  much  smaller.  This  tool  will  therefore  cover  a  broader 
range  of  work,  and,  when  once  constructed,  can  be  used 
until  the  greater  part  of  the  blades  is  worn  away,  thus 
avoiding  the  expense  of  frequent  renewals. 


75. 


SPOT  FACING. 

Eteflnltion.  —  A    very  common  drilling-machine 


operation  is  the  facing  of  spots  about  drilled  holes,  to  form 
smooth  surfaces  for  the  heads  or  nuts  of  bolts  or  other  ma- 
chine parts.  When  the  faced  area  is  quite  small  and  the 
facing  is  done  with  a  rotating  cutter,  the  operation  is  called 
spot  facias. 

76.      Forms  of  Cutters. — The  cutters  arc  the  same  as 
those  used  for  counterboring,  and  the  only  difference  in  the 
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operation  lies  in  the  depth  of  the  cut.  A  counterbore  may 
be  of  any  depth,  but  the  spot  facing  is  only  carried  deep 
enough  to  form  a  smooth  bearing  surface.  The  bar  with 
inserted  cutter  is  especially  well  adapted  to  spot  facing 
flanges  of  cylinders,  cast-iron  pipe  flanges,  etc. 

77.     Spot  Facins  Lower  Side  of  Flange. — Fig.  54 

• 

shows  a  piece  of  pipe  on  which  the  flanges  must  be  spot 

faced  on  the  lower 
side.  The  flanges 
are  drilled  in  the 
ordinary  way,  after 
which  the  drill  is 
removed  from  the 
socket  and  the  cut- 
ter bar  put  in  its 
place.  The  cutter 
is  then  removed 
from  the  bar,  the 
bar  passed  through 

the  hole,  and  the  cutter  again  put  back  into  its  place  in  the 

bar  with  its  cutting  edges  toward  the  flange.     The  facing  is 

done  by  feeding  the  drill  spindle  backwards. 


Fig.  64. 


CENTER  DRILLS. 

78«  Although  center  drilling  is  essentially  a  drilling- 
machine  operation,  it  is  so  closely  associated  with  lathe  work 
that  it  has  been  discussed  under  that  head,  and  descriptions 
of  tools  and  their  various  uses  are  found  in  Art.  23,  Lathe 
Work.  Part  1. 


TAPS. 

79«  The  forms  of  taps  used  in  drilling  machines  re- 
semble those  employed  with  the  lathe.  In  holes  that  do  not 
run  through  the  material,  a  taper  and  plus  tap>  Fig-  55, 
are  required,  the  former  to  start  the  thread  and  the  latter 
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to  complete  it  to  near  the  bottom.  When  a  full  thread 
must  be  run  all  the  way  to  the  bottom  of  the  hole,  the  phig 
tap  is  followed  by  a  bottoming  tap,  shown  in  Fig.  55. 
In  the  case  of  holes  that  pass  through  the  material,  the  taper 


Tapmr. 


P/up. 


Qoffom/ng. 
Pig.  55. 

tap  alone  may  be  used.  In  high-speed  machines,  such  as 
pneumatic  drills,  a  long  taper  tap  gives  the  best  results,  on 
account  of  the  fact  that  less  material  is  removed  by  each 
tooth,  the  work  being  distributed  along  the  length  of  the  tap. 
The  shanks  of  taps  that  are  to  be  employed  in  the  drilling 
machine  exclusively  may  be  made  to  fit  the  spindle  or  a 
collet  of  the  machine  for  which  they  are  intended.  When 
they  are  required  for  general  use,  special  sockets  are  needed 
to  receive  the  square  shank  of  the  tap. 


DEVICES    FOR    HOLDING    TOOLS. 

80.  Straight  Socket  With  Setscrew.  —  Various 
devices  for  holding  tools  in  drilling-machine  spindles  have 
been  brought  into  use.  One  of  the  earliest  of  these — still 
found  in  some  shops — consists  of  a  hole  drilled  in  the  bot- 
tom of  the  spindle,  with  a  setscrew  holding  the  drill,  as 
shown  in  Fig.  56.  This  device  has  several  disadvantages. 
The  drill   may  press  on   one  side  of   the   screw  and  in  a 

S.  Vol.  IL—ii. 
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direction  that  tends  to  loosen  it.  To  prevent  this,  the  screw 
is  jammed  upon  the  drill,  ciusing  a  burred  shank  that  it  is 
difficult  to  remove.  When  the  shank 
does  not  fit  the  socket  exactly,  the 
pressure  of  the  screw  on  one  side 
throws  the  drill  off  the  center  of  the 
spindle  and  results  in  the  cramping 
of  the  drill  and  a  poorly  formed  hole, 
and  often  in  an  injured  or  broken  drill. 

81.     Taper  Sbank. — A  very  sim- 
ple and  efficient  means  uf  holding  the 
drill,  known  as  the  taper  sliank.  is 
shown  in  Fig.  5?.      The  drill  spindle  n  is  made  with  a  tapered 
hole  b  at  the  lower  end.     At  the  upper  end,  tli 


flat  on  two  sides  to  receive  a  tang  or  flattened  projection  c 
the  upper  end  of  the  drill  shank. 

The  taper  that  Is  in  most  common  use  for  drill  shanksjl 
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known  as  the  Morse  taper  and  is  about  ^  inch  per  foot.  This 
taper  is  just  great  enough  to  hold  the  drill  when  put  into 
place  with  a  quick  motion  of  the  hand  or  under  slight 
pressure.  The  drill  shank  must,  of  course,  be  made  with 
precisely  the  same  taper  as  that  in  the  spindle,  so  that  the 
entire  surface  will  be  in  contact.  The  tang  at  thejop  of 
the  drill  shank  must  also  fit  snugly,  as  it  takes  practically 
all  the  torsional  strain  that  comes  upon  the  drill  when 
cutting,  the  tapered  surface  taking  only  a  very  small  part. 
The  drill  is  removed  by  driving  a  taper  key  c  into  the  slot  d 
in  the  spindle.  The  slot  (/  is  so  located  that  the  [>oint  of 
the  key  just  passes  over  the  end  of  the  tang,  but  when  the 
body  of  the  key  is  driven  in,  it  forces  the  drill  out. 


Il 


82.  Drill  Sockets  or  Collets. — All  sizes  of  drills  can- 
not be  made  with  the  same  size 
of  shank;  consequently,  it  is 
necessary  to  have  a  number  of 
drill  sockets  or  collets. 
Fig.  68  (a)  and  [b),  to  take  the 
sizes  of  drills  that  do  not  fit 
the  spindle.  The  upper  end 
of  the  socket  is  made  to  fit  the 
spindle,  or  the  next  larger  size 
of  socket,  while  the  lower  end 
is  made  to  fit  the  desired  drill. 

Collets  are  also  found  very 
serviceable  where  it  is  desir- 
able to  use  a  drill  with  one 
kind  of  shank  in  a  spindle  in- 
tended for  another.  Fig,  58  (c) 
illustrates  a  collet  for  a  taper- 
shank  drill  and  a  straight 
spindle. 


I 


83.  Pin-Grip  Socket — A  form  of  drill  socket  that 
permits  the  drill  to  be  chajiged  white  the  spindle  is  rnnning 
is  shown  in  Fig.  59.     The  shank  of  the  socket  a  is  made  to 


38 


DRILLING  AND  BORING. 


fit  the  taper  of  the  spindle  b.  A  collet  c  is  made  to  fit  over 
the  shank  of  the  drill  d.  The  body  of  the  socket  c  is  bored 
out  straight  to  receive  the  collet,  which  is  held  in  place  by 
two  pins  that  enter  the  grooveyand  are  controlled   by  the 

collar  i'.  To  remove  the  collet,  the  collar  g  is  raised  with 
one  hand,  while  the  drill  is  in  motion,  and  the  collet  is  re- 
moved with  the  other  hand. 


Fig.  (JO  shows  a  partial  section  of  the  socket  Ihi,  collar^ 
is  bored  out  to  form  an  internal  cam.  When  the  collar  is  in 
its  lowest  position,  it  holds  the  pins  h,  h  in,  as  shown,  their 
poiiits  entering  the  groove y  in  the  collet.  When  ^is  raised 
to  the  position  i  indicated  by  the  doited  lines,  the  centrifu- 
gal force  tends  to  throw  the  pins  out,  thus  relieving  the 
collet.  The  ends  of  the  pins  are  tapered,  so  that  the  weight 
of  the  collet  or  drill  will  assist  in  moving  them  out  when  the 
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machine  Is  running  at  a  &h<w  spi^utl  and  the  centrifugal 
titttKc  alime  is  not  siitBcient.  The  collar  is  brought  back  by 
his  tiwn  weight  when  relieved  by  the  hand.      The  collet  f  is 

■made  with  a  tang/,  which  stands  between  the  two  pins  k,  /■, 

Ethus  causing  il  to  rotate  with  the  spindle. 

84.  K«>-Grlp  Socket. — Tn  very  heavy  work,  the  tang 
Ks»mcti tnrs  yiehls  to  the  torsional  strain  and  i-s  twisted. 
IPig.  61  illustrates  a  device  that  grips  the  body  of  the  shank 
II  as  the  end.      The  illustration  shows  the  grip  soi-kel 


•iih  a  part  cut  away,  thus  exposing  rill  Ihi;  working  parts. 
ffhc  shank  and  tang  are  of  the  ordinary  taper  type.  A  key- 
l^ay  a  is  cut  into  the  shank  of  the  drill  with  a  circular  cut- 
ter, thus  making  the  bottom  the  arc  of  a  circle.      The  key  6, 

I  which  fits  the  bottom  of  the  key  way  and  also  a  slot  in  the 
>cket,  is  held  in  place  by  a  collar  c,  which  is  bored  eccen- 

litrically,  and  which,  when  in  the  position  shown,  causes  the 

■  key  to  grip  the  shank  with  a  tendency  to  keep  it  from  work- 
iingout,  as  well  as  preventing  it  from 
r  turning  in  the   socket.     To  remove 
Fthc   drill,   the   collar  is  turned   to  a 

■  position    where    the    key    is    free    to 
^no\-e  out  of  the  drill  shank,  and  the 

Jflrill  is  ilrivcn  out  in  the  usual  way. 
This  device  can  be  used  with  any  of 
•he  standard  taper-sJiank  drills  hy 
kmply  milling  in  the  koyway. 

85.     Llirht  Drill  Cbuck.— Sep- 
tate chucks  that    grip  the  drill    on 
1  or    more   sirlcs    are    found   very 
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satisfactory  for  the  lighter  grades  of  work,  and  a  large 
number  of  different  kinds  have  been  made.  Fig.  62  repre- 
sents a  type  that  is  largely  used  for  small  drills.  The  body 
of  the  chuck  a  is  attached  to  the  drill  spindle  either  by 
means  of  a  screw  or  a  taper  shank,  as  described  above.  In 
three  holes  d  converging  toward  the  center  line,  as  shown, 
are  three  jaws  d,  which,  when  forced  forwards  by  the 
nut  £,  close  in  upon  the  drill  shank  and  grip  it  firmly.  The 
jaws  are  so  formed  that  the  parts  that  grip  the  drill  are 
always  parallel  and  therefore  grip  various  sizes  equally  well. 
The  nut  is  held  in  and  turned  with  the  collar  c,  which  is 
nurled  on  the  outside  to  furnish  a  better  grip  for  the  hand. 


86.  Heavy  Drill  Cbuck. — Another  form  of  chuck 
that  has  given  excellent  satisfaction  and  is  used  for  heavier 
work  than  the  one  just  described,  is  shown  in  Fig.  63.  The 
body  of  the  chuck  has  a 
slot  a  cut  across  the  lower 
end,  in  which  two  jaws  A,  6 
are  free  to  move  toward 
and  away  from  the  center. 
These  jaws  are  controlled 
by  means  of  a  screw  c,  one 
end  of  which  has  a  right- 
hand  thread  and  engages 
with  the  thread  on  one  jaw, 
while  the  other  end  has  a 
left-hand  thread  that  en- 
gages  with  the  other  jaw. 
The  jaws  are  so  guided  that 
the  faces  are  always  parallel,  and  drills  of  any  diameter  that 
will  enter  the  chuck  are  gripped  equally  well,  A  hole  in  the 
plate  e,  which  is  screwed  to  the  bottom  of  the  body,  is  large 
enough  to  take  only  the  largest  diameter  of  drill  for  which 
the  chuck  is  designed.  A  plate  /  immediately  above  the 
jaws  contains  a  slot  ^  made  to  fit  the  tang  on  the  upper  end 
of  the  drill  shank,  thus  preventing  the  drill  from  slipping  in 
the  chuck. 
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S7.     Safety  DrIIIInK  and  Tapping  Device. — A  very 

Kclent  safety  device  for  drilling  and  tapping  is  illustrated 
I  Fig.  (j4.     a  shank  a,  which 
tapered    to    fit  the   spindle 
rith   which  it  is    to   be    used, 
upon    its   lower    end    an 
nlarged   part  that  is  threaded 
the  outside  and  bored   out 
form   a   friction   seat  for  a 
^cket  b.     A  cap  c,  which  has 
internal   thread   to   fit   the 
External  Uircad  on  a,  clamps  b 
;n    itself    and    a,    form- 
ing   another    friction    surface 
letween   b  and   c.     Two   fiber 
washers  (/ and  c  are  placed  be- 
tween  a  and   b  and   b  and  c, 
respectively.     The    cap   c   is 
Ightened  on  the  washers  until 
!  friction   obtained   is    sufB- 
nl  to  drive  the  drill  or  tap, 
tnd  is   held   in  adjustment  by 
die  check-nut  h. 
Two  spanner  wrenches  are  required  to  make  the  adjust- 
!nt.     Drill  and  tap  sockets  that  fit  the  required  drills  or 
w  are  made  to  fit  the  socket  h  and  are  kept  frojii  dropping 
t'by  the  catch  pin  /,  which  enters  the  grooves  m  and  n  In 
the  drill  and  tap  sockets,  and  is  held  in  place  by  a  spring 
md  retaining  screw.     The  sockets  are  driven  by  means  of 
wo  feathers.     The  tap  shank  is  made  about  -j-^ ^^  inch  smaller 
a  diameter  than  the  tap  socket y,  thus  allowing  the  tap  to 
^ke  its   own    feed  without  injury   to  the  thread,  and  to 
(enter  itself  with  the  hole  without  binding,  while  a  catch 
■in  o,  held  in  place  by  a  flat  spring,  engages  with  a  groove 
1  the  tap  and  keeps  it  from  dropping  out  until  a  force 
Renter  than   its  own  weight    is   applied.      A   specimen    of 
Ae  taps    used,   marked   /,    shows   how  the   shank   is  con- 
Itmcted,  /  being   the  groove  for  the  catch  pin.     The  drill 
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sockets  g^  which  are  made  in  various  sizes  to  take  different 
sized  drills,  have  a  standard  taper  and  a  slot/ at  the  upper 
end  to  receive  the  tang. 

88.  Automatic  Reverse  Tapping  Chucks. — Where 
a  large  amount  of  tapping  is  done,  much  time  may  be  saved 
by  the  use  of  a  device  that  will  reverse  the  tap  and  back 
it  out,  either  when  the  tap  bottoms  or  sticks,  or  when  it 
has  run  the  required  depth.  Several  such  devices  are  on 
the  market  and  many  of  them  give  very  good  results.  In 
one  class,  the  mechanism  is  so  designed  that  the  tap  travels 
with  the  spindle  while  running  forwards,  but  as  soon  as  it 
meets  with  more  than  a  certain  amount  of  resistance,  a 
reversing  gear,  or  set  of  gears,  is  thrown  into  action  and 
the  tap  is  backed  out  at  an  increased  speed.  In  another 
class,  the  tap  is  also  reversed  and  backed  out  when  it  has 
run  a  stated  depth.  Such  a  device,  it  will  be  seen,  is  a  safety 
provision  as  well  as  a  means  of  saving  a  large  amount  of  time. 


SECURING  WORK  ON  THE  TABLE  OF  THE 
SIMPLE  DRILLING  MACHINE. 

89.  Securing  the  work  properly  on  the  table  of  a  drill- 
ing machine  is  one  of  the  important  parts  of  drilling.  A 
piece  that  is  not  properly  set  or  not  well  secured  will  not 
be  well  drilled,  although  all  other  conditions  may  be  perfect. 

90.  The  Table.  — The  table  of  the  ordinary  drill 
press  should  furnish  a  perfectly  plane  surface  standing  at 
right  angles  to  the  center  line  of  the  spindle.  It  should 
also  be  provided  either  with  holes  through  which  bolts 
may  be  passed  or  radial  slots  for  T-headed  bolts,  so  that 
work  may  be  clamped  rigidly  upon  it. 

91.  Securing  the  Work. — A  plain  piece  of  work,  in 
which  the  holes  are  to  be  drilled  at  right  angles  to  a  plane 
upon  which  the  piece  may  rest,  may  be  secured  very  simply 
in  the  following  manner:  The  piece  a^  Fig,  65,  which  is  to 
be  drilled,  is  laid  upon  the  table  b,  with  two  parallel  pieces 
of  iron  r,  c  under  it  to  raise  it  far  enough  from  the  table  to 
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prevent  injuring  the  latter  when  the  drill  emerges  from  the 
piece.  Two  clamps 
dj  d  are  then  placed 
with  one  end  upon  the 
piece  over  the  paral- 
lels, and  the  other  end 
upon  blocks  or  screw 
jacks  e^  e  of  the  same 
height  as  the  top  of 
the  piece.  Bolts  y,  / 
are  then  put  through 
the  clamps  and  the 
table,  as  near  to  the 
work  as  the  holes  will 
permit,  and  the  nuts 
screwed  down  until  the 
clamps  press  firmly  up- 
on the  piece  and  hold 
it  rigidly  enough  to 
prevent  any  slipping 
while  the  drill  is  pass- 
ing through  it. 

The  above  illustra- 
tion embodies  the  essential  features  of  clamping.  A  piece 
must  always  be  set  so  that  the  center  line  of  the  hole  to  be 
drilled  is  parallel  to  the  center  line  of  the  spindle,  and  must 
be  clamped  rigidly  in  that  position.  Great  care  must  be 
taken  to  have  all  the  supports  so  adjusted  that  the  piece  will 
not  spring  out  of  shape  when  the  clamps  are  tightened  down. 

Irregular  parts  that  have  not  a  plane  surface  upon  which 
to  rest  must  be  supported  with  jacks  or  blocks  at  different 
points.  When  pieces  that  are  too  large  to  be  supported 
entirely  upon  the  table  are  to  be  drilled,  the  overhanging 
parts  must  be  blocked  up,  to  prevent  any  undue  strain  upon 
the  table  or  any  spring  in  the  piece  itself. 

92.  Plain  Clamp. — The  clampn  are  often  made  by 
drilling  a  hole  a  little  larger  than  the  bolt  in  a  piece  of  Hat 
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Fig.  65. 
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iron  of  suitable  length.  This  kind  of  clamp  is  sometimes 
made  with  an  offset,  as  shown  in  Fig.  66  {a),  which  serves  the 
double  purpose  of  forming  a  shoulder  to  prevent  the  work 
from  rotating  and  of  lowering  the  clamp-bolt  nut  so  that  it 
does  not  interfere  with  other  parts. 

93.  U  Clamp. — A  more  convenient  clamp  is  made  of  a 
piece  of  square  iron  bent  in  the  form  of  a  U,  as  shown  in 
Fig.  66  (^),  the  inside  width  being  just  great  enough  to  take 
the  bolt  freely.  Such  a  clamp  can  be  removed  and  replaced 
without  taking  the  nut  off  the  bolt.  In  some  cases,  the 
other  form  is  of  advantage,  however,  and  both  are  found 
among  the  accessories  of  a  drilling  machine.  The  U  clamp 
is  often  made  without  the  offset  at  the  end,  shown  in  the 
illustration. 
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(b) 
Fig.  66. 


Fig.  67. 


94.  Screw  Jack.  —  The  screw  Jacks  mentioned 
above  consist  of  a  cast-iron  foot  a,  Fig.  67,  which  has  a 
tapped  hole  running  vertically  through  it  and  a  square-head 
bolt  dy  with  a  thread  cut  the  entire  length  of  the  body, 
screwed  into  it.  The  top  of  the  bolthead  should  be  faced 
to  form  a  good  bearing  surface,  and  the  corners  rounded  to 
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prevent  any  digging  when  adjusting  the  height.  The 
bottom  of  the  foot  is  sometimes  left  rough,  but  it  is  better 
to  have  it  finished. 

t>5.  Parallels. — The  parallels  used  in  blocking  up 
the  work  should  be  care- 
fully planed  and  should 
be  made  of  rectangu- 
lar cross -section  and  in 
pairs.  Sometimes  par- 
allels are  made  with  the 
width  exactly  twice  the 
thickness.  It  is  conve-  I 
nient  to  have  the  width 
of  each  pair  equal  to 
the  thickness  of  the 
next  larger.  Fio.  S8. 

96.  V  Blocks  for  SupportlntE  Cylindrical  Pieces. 
Cylindrical  parts  are  usually  supported  on  V  blocks  a, 
Fig.  C8.  The  V  blocks  should  be  made  in  pairs,  so  that  a 
piece  resting  upon  them  may  be  exactly  parallel  to  the  drill 
table.  It  is  usually  of  advantage  to  make  the  block  wide 
enough  to  support  short  pieces  with  a  single  clamp,  as  shown 
in  Fig.  08.  A  hole  b  drilled  at  the  point  of  the  V  will  form 
a  clearance  in  planing.  The  two  sides  of  the  V  usually 
make  an  angle  of  45°  with  each  other. 

97.  Anffle  Plates Pieces  with  a   plane   surface  at 

right  angles  to  the  surface  to  be  drilled  are  usually  attached 


to  aa  ancle  plate  by  means  of  clamps,  as  illustrated  in 


46 


DRILLIfTG  AND  BORING. 


§10 


Fig.  69.  If  the  overhanging  part  is  too  long,  it  should  be 
blocked  or  jacked  up  and  clamped  at  another  point  as  far 
away  from  the  angle  plate  as  possible.  The  angle  must,  of 
course,  be  firmly  bolted  to  the  table. 

98.     C  Clamps. — The  style  of  clamp  shown  in  Fig.  69 

is  known  as  a  C  clamp  and 
is  shown  on  a  larger  scale 
in  Fig.  70. 


Fin.  rO. 


99*  Special  An^le 
Plates. — Angular  pieces 
are  frequently  supported 
on  angle  plates  of  the  same 
inclination  as  the  piece.  For  instance,  the  piece  a  in  Fig.  71 
is  clamped  to  an  angle  plate  b  of  the  same  inclination,  thus 
bringing  the  surface  to  be  drilled  parallel  to  the  table. 

lOO-  Vise. — A  vise  as  shown  in  Fig.  72  is  often  used 
for  supporting  the  work.  It  is  convenient  especially  where 
the  bottom  of  a  piece  is  irregular  and  yet  has  parallel 
sides  that  the  vise  may  grip  between  the  jaws  a,  a.  A  lug  b 
on  each  side  forms  a  convenient  means  of  clamping  the  vise 
to  the  table. 

101«     Universal   Vise. — Fig.   73  shows  a  universal 
vise  that  may  be  bolted  to  the  table  of  a  drilling  machine 


FIG  n. 


and  may  be  rotated  both  in  a  horizontal  and  in  a  vertical 
plane.  The  two  circles  a  and  b  are  graduated,  as  shown. 
Such  a  vise  is  especially  useful  where  holes  must  be  drilled 
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^b"  different  angles  in  the  same  piece.     The  piece  can  be  set 
^Beither  horJeontally  or  vertically,  and,  by  having  the  circles 


Pig.  73. 

rotated  to  any  desir 


angle 
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Cruduated,  il 
Resetting. 

102.  Xecettslty    of  Clampintc 

piece  has  been  set  and    adjusted  in   a 
ft"^arts  that  are  liable  to  move  should  be  tightened 
I  ^n  a   good  vise,   provision    is    always 

inade    for  clamping  every  joint.      In 

the  universal  vise  shown,  for  instance, 

it  is  not  safe  to  depend  on  the  adjust- 
ing screws  to  hold  the  work,  and  the 

damping   screws    should    always    he 

drawn   tight  when    all     adjustments 

have  been  made. 

1 03.  Drilling  Parts  To- 
getber. — When  two  adjoining  pieces 
are  to  be  drilled  so  that  the  holes  in 
the  two  are  to  match  perfectly,  they 
should  be  drilled  together  whenever 
liracticable.  This  insures  a  perfectly 
ciintinuous  hole,  and  avoids  a  great 
deal  of  awkward  and  expensive  fitting. 

104.  Jlffs  and  Fixtures.  —  In 
manufacturing,  where    pieces  are  du-  FicTa. 
Iilicaled  in  large  numbers,  special  JIrb    and  fixtures 
made  for  holding  and  drilling  the  work.     Some  of  these 
be  considered  later. 
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TYPES    OF    DRILLING    MACHINES 
AND   THEIR    USES. 


SIMPLE  DRILLING  MACHINES. 

1.  Up  to  the  present  time,  only  the  simplest  type  of 
drilling  machine  has  been  considered — one  that  embodies 
only  the  principal  features  of  the  elementary  drill. 

2.  Necessity  of  More  Flexible  Arran8:eineiit. — It 

is  evident  that  in  our  modern  practice  there  is  need  of  a 
more  flexible  machine — one  that  will  accommodate  a  broader 
range  of  work  than  the  simple  machine  described. 

3.  Adjustable  Table. — The  great  difference  in  the 
size  of  the  work,  and  the  various  angles  at  which  holes  must 
be  drilled,  have  demonstrated  the  need  of  an  adjustable 
table  that  can  be  moved  vertically,  swung  about  the  column, 
and  rotated  about  its  own  center,  while  in  some  forms  of 
drills  it  may  be  tilted  to  different  angles. 

4.  Variable  Cutting  Speed.  —  It  has  already  been 
seen  that  nearly  all  materials  possess  qualities  that  make  it 
necessary  to  use  different  cutting  speeds  in  order  to  work 
them  efficiently.  It  is  obvious  also  that  a  drill  of  large 
diameter  must  run  more  slowly  than  a  smaller  one,  the 
revolutions  per  minute  being  inversely  proportional  to  the 
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diameter  of  the  drill.  To  illustrate :  A  drill  ^  inch  in  diam- 
eter may  make  twice  as  many  revolutions  per  minute  as  a 
drill  1  inch  in  diameter,  and  four  times  as  many  as  one 
2  inches  in  diameter,  in  the  same  material.  Provision  must 
therefore  be  made  for  a  number  of  different  speeds,  any  one 
of  which  may  readily  be  thrown  in  by  the  operator. 

5.  Variable  Feed. — A  more  flexible  means  of  feeding 
must  also  be  provided.  It  is  frequently  necessary  to  have  a 
greater  pressure  upon  the  drill  than  the  hand  lever  described 
will  furnish,  and  power  feeds,  in  which  the  rate  of  feed  can 
be  varied,  as  well  as  other  methods  of  feeding  by  hand,  have 
been  brought  into  use. 

6.  Movable  Spindle. — It  is  of  very  great  advantage, 
too,  in  some  classes  of  work  to  be  able  to  move  the  spindles 
to  accommodate  the  work,  and  this  has  been  accomplished 
in  several  different  ways.  It  is  evident,  however,  that 
every  machine  need  not  embody  all  these  features,  but  all 
these  and  others  are  seen  in  the  various  machines  found  in 
well-equipped  shops.  The  peculiar  features  of  each  machine 
are  determined  by  the  class  of  work  it  has  to  perform.  It 
must  always  be  remembered  that  the  machine  is  made  for 
the  work  and  not  the  work  for  the  machine,  and,  in  distrib- 
uting the  work  to  the  various  machines,  whether  drilling 
machines  or  other  machine  tools,  the  adaptation  of  the 
machine  to  each  piece  must  be  considered. 


MEDIUM-CLASS  DRILL. 

7.  Fig.  1  illustrates  a  machine  that  is  largely  used  for 
light  and  medium-class  work,  and  one  or  more  of  this  gen- 
eral type  is  found  in  every  good  machine  shop.  This 
machine  differs  somewhat  from  the  elementary  machine 
described,  yet  it  embodies  the  same  essential  features. 

8.  Driving  Gear. — The  spindle  a,  Fig.  1,  is  driven  by 
means  of  a  pair  of  bevel  gears  d,  b  and  a  belt  running  on 
a  pair  of  stepped  or  cone  pulleys  t\  c.     The  four  steps  on 
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the  cones  furnish  four  different  speeds,  any  one  of  which 
maybe  obtained  by  simply  throwing  the  belt  to  the  desired 
step.  A  belt  running  from  the  pulleys  (/and  ^  to  a  coun- 
tershaft transmits  the  power  to  the  drill.     Either  d  ot  e 


runs  loose  upon  its  shaft.  When  the  belt  is  on  the  loose 
pulley,  the  drill  stands  still.  To  start  up  the  drill,  the  belt  is 
shifted  from  the  loose  to  the  tight  pulley,  which  is  keyed 
rigidly  to  the  shaft,  and  therefore  transmits  the  power  to 
the  pulley  c  and  to  the  drill. 
S.  VoL  li.—ii. 
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9.  Feed. — In  addition  to  the  lever  feed  already  described, 
a  ^vheel  feed  is  provided.  This  consists  of  a  hand  wheeiy 
keyed  to  a  shaft  that  has  its  bearing  in  the  hub  g,  and  on 
the  other  end  carries  a  worm  /t,  which  engages  with  a  worm- 
gear  (  mounted  on  the  lever  shaft  _;'.  It  will  be  seen  that  a 
much  greater  pressure  can  be  put  upon  the  drill  point  with 
the  hand  wheel  and  worm  than  with  the  lever,  and  it  is  there- 

fore  used  for  the  heavier  work, 

f     ^  while    with    small    drills    and 

'         __  materials  that  are  easily  cut, 

\        the  lever  is  used. 

Provision  for  using  either 
method  at  will  is  made  as  fol- 
lows: An  eccentric  bushing  in 
the  bearing  g,  in  which  the 
hand  wheel  and  worm-shaft  is 
carried,  may  be  rotated  by 
moving  the  small  hand  lever  X", 
thus  carrying  the  shaft  out 
until  the  worm  //  does  not  en- 
gage with  the  gear  i.  Fig.  2 
illustrates  how  this  is  done; 
a  represents  the  hand  wheel 
and  worm-shaft;  by  the  bush- 
ing; c,  the  bearing;  andi/,  the 
worm-gear.  When  b  is  in  the 
^"^-*-  position  shown,  the  worm  and 

worm-gear  engage  with  each  other,  but  when  b  is  turned  to 
the  position  shown  by  the  dotted  lines,  the  shaft  a  and  the 
worm  are  carried  with  it  and  the  worm  and  worm-gear  are 
out  of  contact.  The  shaft  _;',  Fig.  1,  is  then  free  to  be 
turned  by  the  hand  lever.  When  it  is  desired  to  use  the 
wheel,  the  lever  must  be  disengaged.  Tu  the  machine 
shown,  the  hand  lever  turns  the  shaft  j  by  means  of  the 
spring  latch  /,  which  engages  with  a  notched  wheel  m  keyci! 
to  J.  To  disengage  the  lever,  it  is  necessary  simply  to  hold 
the  latch  in  its  raised  position.  This  is  done  by  means  of  a 
catch  at  the  top  of  the  lever. 
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10.  Table. — The  table  //  is  supported  on  the  arm  o 
and  may  be  rotated  about  its  center,  while  both  arm  and 
table  revolve  about  the  column  p.  The  table  may  be  raised 
and  lowered  by  means  of  a  gear  that  engages  with  the  rack  q^ 
and  is  turned  through  the  medium  of  a  worm  and  worm-gear 
with  a  wrench  or  crank  applied  to  the  square  r.  The  drill 
foot  5  is  used  as  an  auxiliary  table  upon  which  work  that  is 
too  large  for  the  table  n  may  be  placed. 

11.  Adjustment  and  Clamping. — This  arrangement 
will  accommodate  a  wide  range  of  work,  while  all  operations 
and  adjustments  are  under  the  complete  control  of  the  oper- 
ator. It  must  be  remembered,  however,  in  dealing  with 
these  machines,  that  as  the  machine  is  made  more  flexible, 
so  as  to  accommodate  a  wider  range  of  work,  a  larger  number 
of  parts  and  joints  are  introduced,  and  greater  care  must  be 
taken  to  keep  every  part  in  perfect  adjustment.  When  a 
piece  is  set,  and  the  table  moved  so  that  the  drill  is  exactly 
central  with  the  hole  to  be  drilled,  the  table  should  be 
firmly  clamped  by  tightening  the  bolts  in  all  its  movable 
joints. 


HEAVY  TYPE  OF  DRILL. 

12.  A  heavier   machine  of  this  same  type  is  shown  in 
Fig.  3.     The  driving  mechanism  is  furnished  with  a  back 
gear  at  a^  in  order  to  supply  a  greater  variety  of  speeds. 
The  bevel  gears  driving  the  spindle  are  enclosed  at  b, 

1 3.  Feed.  —  This  machine   is    supplied  with   a   rapid 
hand-lever  feed  operated  by  the  lever  r,  a  hand-^vheel 

feed  operated  by  the  wheel  d^  and  a  po^ver  feed  operated 
by  means  of  a  belt  running  on  the  cone  pulleys  e  and/*,  the 
latter  being  keyed  to  the  main  driving  shaft,  thus  transmit- 
ting the  power  to  a  pinion  and  rack  on  the  spindle,  through 
the  bevel  pinion  and  gear^^and  /rand  the  worm  and  worm- 
gear  /  andy.  The  power  feed  is  thrown  in  and  out  by  means  of 
a  clutch  >C%  which  is  controlled  by  the  pin  /  running  up 
through  the  vertical  feed-shaft.     When  both  the  power  and 
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hand-wheel  feeds  are  to  be  thrown  out,  in  order  to  use  the 
rapid  hand-lever  feed,  the  bearing  m  is  moved  out  in  the 
direction  of  the  arrow  n,  by  turning  the  rod  o  with  which 


the  bearing  is  connected,  the  bearing^  being  pivoted  so  as 
to  permit  the  bearing  m  to  swing.  A  counterweight  s  bal- 
ances the  weight  of  the  spindle  and  reduces  the  friction  of 
the  feeding  device, 

14.     Table. — -The  table  swings  about  the  column  as  in 

Fig.  1,  but,  instead  of  rotating  about  its  own  center,  it  has  a 
straight-line  adjustment  in  the  direction  of  the  center  line 
of   the   arm,   which  permits  a  straight  line  of   holes  to  be 
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drilled  without  moving  the  arm.  The  table  is  raised  and 
lowered  by  means  of  a  crank  g  connecting  through  gears 
vith  a  screw  in  the  column  that  carries  the  nut  r  upon 
which  the  arm  rests. 


SIMPLE  RADIAL  DRILL. 

15.     A   machine  that   is  designed  for  a  class  of    work 
that  cannot  well  be  mounted  upon  a  drill-press  table,  either 


because  of  its  size  or  weight,  is  shown  in  Fig.  4  and  is  called 
a  radial  drill. 
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16.  Driving  Gear. — The  spindle  is  carried  in  a  head 
that  traverses  back  and  forth  upon  a  radial  arm  a^  whicli  is 
hinged  upon  a  vertical  slides  on  the  column  b.     The  spindle 

is  driven  by  means  of  a 
belt  c\  which  runs  over 
pulleys  X  on  the  shaft  d 
and  y  on  the  end  of  the 
arm,  while  an  intermediate 
^^^"  *•  pulley    that    travels    with 

the  head,  and  about  which  the  belt  is  carried  by  means  of 
an  idler,  transmits  the  motion  to  the  spindle.  The  plan  of 
the  belt  c  is  shown  in  Fig.  5.  The  driving  pulley  x  is  splined 
upon  the  shaft  ^/,  while  the  pulley j^  is  supported  on  the  outer 
end  of  the  arm^;  r  represents  the  driving  pulley  on  the 
drilling  head,  and  w  represents  the  idler.  The  motion  is 
transmitted  either  to  the  spindle  direct  or  through  back 
gears  shown  at/",  Fig.  4.  A  counterweight  /  balances  the 
weight  of  the  spindle,  thus  relieving  the  feeding  device. 
The  head  is  traversed  by  means  of  a  hand  wheel  v^  which 
has  a  worm  on  the  other  end  of  its  shaft  engaging  with  the 
rack  g, 

1 7.  Feed. — Both  hand  feed  and  power  feed  are  pro- 
vided. The  former  is  operated  by  the  hand  wheel  //  on  the 
oblique  shaft  /,  which  has  a  wormy* on  its  end  that  engages 
with  a  rack  on  the  upper  end  of  the  spindle.  The  power  feed 
is  obtained  by  means  of  a  worm  on  the  spindle  running  in  a 
worm-gear,  and  is  connected  with  the  oblique  shaft  /  by 
means  of  the  gears,  worm,  and  worm-gear  at  k.  The  hand 
feed  or  power  feed  is  thrown  in  as  desired  by  means  of  the 
hand  wheels  /  and  ;//  and  the  pin  ;/. 

In  the  larger  sizes  of  this  type  of  machine,  a  power  trav- 
erse for  the  head  is  also  furnished,  taking  its  power  from 
a  screw  in  the  radial  arm  a,  which  is  connected  with  the 
vertical  shaft  d  by  means  of  a  pair  of  bevel  gears.  The  arm  a 
and  slide  s  are  raised  by  means  of  a  screw  in  the  column 
that  runs  in  a  nut  attached  to  the  slide  between  the  guides 
of  the  upright.     The  power  is  transmitted  to  this   screw 
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through  the  gearing  at  ^,  and  is  controlled  by  the  handle  / 
on  ihe  lower  end  of  the  vertical  rod  q. 

1 8.  Foot-Plate  and  Table.— The  work  for  which  this 
type  of  drill  is  used  is  usually  large  and  is  generally  sup- 
ported on  the  foot-plate  r,  which  is  finished  and  fitted  with 
slots  for  T-head  bolts.  The  table  s  is,  however,  provided  for 
smaller  pieces,  or  pieces  that  require  side  support.  It  is 
finished  and  has  slots  for  supporting  work  on  the  top  and 
sides.  For  light  work,  its  own  weight  is  sufficient  to  hold 
it  in  place,  but  for  very  heavy  cuts,  or  where  there  is  a 
tendency  to  tip,  it  should  be  bolted  down. 

19.  Setting  the  'Work. — The  same  general  rules  that 
apply  to  ordinary  drill-press  work  apply  to  the  radial  drill. 
The  work  must  always  be  so  set  that  there  will  be  no  spring 
in  the  piece  when  the  clamps  are  tightened,  and  should  be 
so  placed  that  as  much  work  as  possible  may  be  done  with- 
out resetting. 


GBAR-DRIVBN  RADIAL  DRILL. 

20.  The  general  type  of  radial  drill  already  described  is 
often  driven  by  means  of  gearing  and  rods  instead  of  the 
l>elts  u  and  c.  The  power  is  transmitted  directly  from  the 
main  driving  cone  to  a  vertical  rod  in  the  center  of  the  col- 
umn, then,  by  means  of  gears  at  the  top  of  the  column,  to  a 
vertical  rod  corresponding  to  d^  Fig.  4.  Another  pair  of 
bevel  gears  connect  this  rod  with  a  horizontal  rod  on  the 
arm  a^  which  is  geared  to  the  spindle  in  the  drilling  head. 


RADIAL  DRILL  WITH  OUTKR  COLUMN. 

21.  The  type  of  radial  drill  mentioned  above  has  ac- 
quired a  large  place  in  drilling  operations,  and  for  work 
where  extreme  accuracy  is  not  essential,  it  has  given  ex- 
cellent satisfaction.  There  are  cases,  however,  where  the 
spring  of  the  various  overhanging  parts  causes  errors  that 
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are  objectionable,  and,  to  overcome  this  spring,  a  supporting 
column  at  the  outer  end  of  the  radial  arm  is  sometimes 
added.  Fig.  0  represents  such  a  machine,  which  is  called  a 
radial  drill  witb  outer  column.  The  column  a  with 
the  radial  arm  ^swings  in  an  arc  about  the  center  of  the  main 
column  c,  and,  when   moved   to   the   right   position,  it   is 


clamped  to  the  bed  by  means  of  the  bolts  d,  thus  forming  a 
solid  support  for  the  arm.  A  simple  device  for  moving  the 
outer  column  consists  of  a  lever  e  linked  to  the  foot  of  the 
column,  as  shown.  The  lower  end  of  the  lever  entersa  series 
of  holes/in  the  bed,  thus  forming  a  series  of  fulcrums  for 
the  lever  as  the  column  is  drawn  along. 
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Aside  from  the  outer  column  and  the  provision  for  moving 
it,  this  machine  is  substantially  the  same  as  an  ordinary  gear- 
driven  radial  drill.  The  power  is  transmitted  to  the  spindle 
.  through  a  pulley  that  connects  with  a  vertical  rod  in  the 
center  of  the  column  c.  This  rod  is  geared  to  an  outer  ver- 
tical rod  that  moves  with  the  radial  arm  through  the  gears 
at  k.  The  power  is  transmitted  to  the  cone  /  through  a  pair 
of  bevel  gears,  thence  by  belt  to  the  cone  «,  which  is  con- 
nected either  directly  or  through  back  gears  t>  to  a  hori- 
zontal shaft/,  which  is  connected  through  gearing  with  the 
drilling  head  q. 


DNIVEHBAI.  TABLB. 

22.  It  is  often  necessary  to  drill  holes  at  an  angle 
radial  machines.  For  the 
smaller  pieces,  a  universal 
table.  Fig.  7,  may  be  used, 
upon  which  the  piece  is  set 
and  tilted  to  the  desired 
angle.  The  table  is  bolted 
to  the  foot-plate  by  the  lugs 
a,  a.  It  may  be  turned 
about  its  center  upon  the 
circle  b,  while  the  top  can  be 
set  at  an  angle,  as  shown,  by 
means  of  the  handle  c  and  a 
worm  and  worm-gear  d. 
Clamping  bolts  on  each  circle 
hold  the  table  firmly  in  place  fio.  7. 

when  it  has  been  adjusted  to  a  desired  position. 


UNIVBRSAfc  RADIAl.  DRILL. 

23<  In  large  work  that  cannot  be  supported  upon  a  uni- 
versal table,  a  radial  drill  with  an  arm  that  can  be  rotated 
about  its  own  center,  and  equipped  with  a  head  that  can  be 
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thrown  to  any  angle,  as  shown  in  Fig.  fi,  has  been  found  very 
useful.  The  rotation  of  the  arm  is  obtained  by  pivoting  it 
upon  the  center  of  the  shaft  c  Such  a  machine  is  called  a 
univeraal  radial  drill.  The  circle  a,  upon  which  the  arm. 
is  rotated,  is  graduated  in  degrees,  and,  as  the  arm  may  be 
turned   through   the   entire  circle,    an  adjustment  to  any 


angle  may  be  made  very  quickly  and  accurately.  The  circle  b 
on  the  head  is  also  graduated,  thus  furnishing  a  ready 
means  of  setting  the  spindle  to  almost  any  conceivable  angle. 
This  machine,  while  differing  frflm  the  radial  drills  already 
described  in  some  details,  maintains  the  same  general  con- 
struction. A  careful  inspection  of  the  illustration  will 
readily  explain  the  utility  of  all  the  parts. 
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MULTIPLE-SPINDLE   DRILL. 

24.  Object. — The  present  tendency  toward  specializa- 
tion has  brought  about  tjie  use  of  tools  especially  designed 
to  save  time  and  prevent  error  in  the  duplicating  of  parts. 


It  has  been  found  that  in  drilling  a  large  number  of  holes  in 
one  piece,  time  may  be  saved  by  using  multlplc-wpliMlIc 
drllUac  macUnca. 


14  DRILLING  AND  BORING.  §  11 

25.  Spindles  in  One  Plane.  —  Fig.  9  illustrates  a 
machine  of  this  type  with  six  spindles  that  have  their  center 
lines  all  in  one  plane.  The  spindles  are  driven  from  the 
same  shafts:  by  means  of  worms  arid  worm-gears  ^,  the  shaft 
a  connecting  with  the  driving  cone  g  through  the  gears  h 
and  i.  The  motion  for  the  feed  is  taken  from  the  shaft  c^ 
running  in  the  cross-rail,  and  is  transmitted  to  each  spindle 
by  gearing  and  clutches  at  d^  the  feed-shaft  c  being  driven 
from  the  shaft  «  by  a  belt  on  the  cone  pulleys  ^and  /,  which 
also  furnish  the  variable  feed. 

The  table  on  the  machine  shown  is  not  movable,  and  only 
work  of  a  moderate  depth  can  be  drilled  in  it.  This  same 
general  type  of  machine  is,  however,  frequently  made  with 
an  adjustable  table.  The  spindles  can  be  moved  along  the 
cross-rail  and  adjusted  to  any  distance  apart,  within  the 
range  of  the  machine,  while  any  number  of  holes  from  one 
to  six  may  be  drilled  at  the  same  time. 

This  type  of  machine  is  used  principally  for  plate  work, 
structural  iron,  and  other  light  work  requiring  a  large 
number  of  holes  in  a  straight  line.  Modified  forms  are  used 
largely  for  drilling  locomotive  frames  and  bridge  chords, 
and  for  tapping  nuts  in  large  numbers  in  bolt  and  nut 
factories. 

26.  Universal  Adjustable  Spindles.  —  Multiple- 
spindle  drills  are  frequently  made  with  universal  adjust- 
able spindles.  The  universal  joints  allow  the  spindles  to 
be  moved  in  and  out  as  well  as  along  the  cross-rail.  With  this 
arrangement,  holes  that  are  not  in  line  with  one  another 
may  be  drilled  at  one  setting,  or  if  the  holes  are  to  be  tapped 
or  reamed  and  are  far  enough  apart,  half  the  spindles  may 
be  equipped  with  drills  and  the  other  half  with  taps  or 
reamers,  so  that  when  the  holes  are  drilled  the  piece  may 
be  moved  to  the  other  set  of  spindles  and  finished  without 
taking"  it  off  the  machine. 

Jigs  should  always  be  used  in  drilling  with  universal 
joint  spindles,  since  the  short  lower  bearing  is  liable  to 
become  slightly  worn  or  may  not  be  in  perfect  adjustment, 
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thus  introducing  inaccuracies.    A  well-constructed  jig  guides 
the  drill  perfectly  and  avoids  this  danger. 

27.  Vertical  Flanse-Drllllns  Mactilne. — A  very 
useful  multiple-spindle  drill  is  shown  in  Fig.  10.  Here  the 
spindles  may  be  adjusted  about  the  center  of  the  main  dri- 
ving  spindle  a.     The   drill  spindles  are  all   equipped  with 


Pio.  la 

universal  joints  and  each  one  moves  independently  of  the 
others.  This  enables  the  machine  to  drill  as  many  holes  as 
there  are  spindles  in  one  circle,  or  the  spindles  may  be 
arranged  in  two  or  more  circles  or  set  irregularly,  as  desired. 
This  machine  is  designed  for  drilling  engine  cylinders,  pipe 
flanges,  valve  bodies,  etc.,  but  it  may  be  used  for  almost 
any  work  where  such  a  grouping  of  drills  is  desirable.  The 
illustration  shows  a  piece  of  pipe  clamped  upon  the  drill 
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table  with  jig  attached  and  drills  inserted,  ready  for  drill- 
ing. The  power  is  transmitted  to  the  spindles  by  a  spur 
gear  on  the  main  spindle  a,  and  a  small  pinion  on  the  upper 
end  of  each  of  the  drill  spindles  enclosed  in  the  upper  part  of 
the  head  />.  The  drill  spindles  are  held  vertically  in  both 
the  upper  and  lower  bearings. 
The  feed  is  obtained  by  lower- 
ing the  entire  head  d.  This 
may  be  done  either  by  means  of 
the  pilot  wheel  c,  or  by  power 
by  means  of  a  belt  running 
on  the  cone  pulleys  (/and  c. 

28.  Horizontal  Flaage- 
nrllllnfc  Macblne.  —  Mul- 
tiple-spindle drilling  machines 
with  two  heads  set  horizon- 
tally upon  a  long  bed,  intended 
especially  for  drilling  the  two 
ends  of  engine  cylinders,  pipes, 
etc.  at  the  same  time,  have 
recently  been  placed  on  the 
market.  The  construction  of 
the  heads  is  practically  the 
same  as  that  ^hown  in  Fig.  10, 
the  only  difference  being  that 
they  are  placed  horizontally  on 
the  bed.  The  work  is  held  on 
a  tabic  between  the  two  heads. 


designed  for  the  heavie 
ever,  a  large  amount  of 
which  drills  must  be  used 
.strain  of  heavv  machines. 


HF.NHITIVE  DRILLS. 

29.  The  drilling  machines 
already  described  have  been 
grades  of  work.  There  is,  how- 
ght  work  in  a  machine  shop  upon 
and  which  is  too  small  to  stand  the 
This  has  led  to  the  development  of 


a  lighter  and  more  sensitive  class  called  ttuntiltlve  drills. 
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Fig.  11  illustrates  a  machine  of  this  class.  The  power  is 
transmitted  directly  to  the  spindle  by  means  of  belts,  while 
the  si)eeds  are  varied  by  the  use  of  the  ordinary  cone  pul- 
leys. The  feed  is  of  the  simple,  hand-lever,  pinion-and-rack 
tyf)e,  already  described,  which  is  the  most  sensitive  arrange- 
ment in  use,  any  variation  in  the  working  conditions  of  the 
drill  point  being  readily  felt  with  the  hand  upon  the  lever. 
The  table  a  of  the  drill  shown  has  no  vertical  adjustment, 
but  may  be  swung  about  the  center  of  the  post,  out  of  the 
way  of  the  center  line  of  the  spindle,  so  as  to  permit  long 
pieces^to  be  set  upon  the  lower  table  b.  The  lower  table  and 
the  lower  spindle  bracket  c  are  both  adjustable  vertically, 
thus  permitting  pieces  of  greatly  varying  lengths  to  be  taken 
into  the  machine. 

This  class  of  machine  is  used  largely  for  center  drilling  in 
shops  where  a  special  machine  for  this  purpose  is  not  avail- 
able. The  funnel-shaped  piece  d^  commonly  called  a  cup 
center^  is  a  special  device  for  centering  the  lower  end  of  a 
shaft  that  has  been  cut  off  straight.  The  shank  is  set  in  a 
hole  in  the  center  of  the  lower  table  /;,  the  center  line  of 
which  coincides  with  the  center  line  of  the  spindle.  The 
cupped-out  top  of  d  is  made  a  perfect  internal  cone,  with  its 
axis  in  the  center  of  rotation  of  the  spindle.  A  shaft  that  is 
set  into  this  cup  and  is  held  with  its  center  under  the  drill 
at  the  upper  end  will,  therefore,  have  its  center  line  in  the 
axis  of  rotation,  and  a  hole  drilled  into  it,  when  held  in  this 
position,  will  be  concentric  with  the  outside  of  the  shaft 
throughout  its  entire  length. 


PORTABLB  DRILLS. 

30.  Introductory. — In  recent  years  there  has  been  a 
marked  development  in  light,  portable  machines  for  drilling 
and  kindred  purposes.  The  extreme  lightness  of  their  con- 
struction and  the  small  space  that  they  occupy  have  made 
them  available  for  much  of  the  work  that  was  formerly  done 
by  hand,  and  a  large   amount  of  time  and  hard  labor  may 
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be  saved  through  their  use.  Most  of  these  machines  are 
so  light  that  they  can  be  carried  about  and  operated  by 
one  man. 

31.  Classes  of  Machines. — These  machines  may  be 
classed  under  three  heads,  deriving  their  names  from  the 
manner  in  which  they  are  driven,  viz.;  pneutnatic  drills, 
electric  drills,  s^ndi  flexible-shaft  drills. 

32>  Pneumatic  Drills.  —  Portable  pneumatic  tools 
are  made  in  a  large  number  of  different  forms.     Some  are 


driven  by  means  of  oscillating  cylinders,  others  by  means  of 
vanes,  acting  through  gearing  that  gives  the  proper  reduc- 
tion of  speed. 

Fig.  12  shows  one  of  the  oscillating  cylinder  type  set  up 
for  drilling.  The  cylinders  and  gearing  are  enclosed  in  a 
case  a.  The  air,  which  for  this  class  of  work  is  generally 
compressed  to  about  80  pounds  per  square  inch,  is  brought 
from  the  air  compressor  or  storage  reservoir  to  the  drill 
through  a  rubber  tube  b,  the  tube  usually  being  protected 
by  means  of   wire    wound  spirally  about  it.     The   drill  is 
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fed  by  means  of  a  screw  c  and  is  operated  as  indicated  in 
the  illustration.  The  air  is  turned  on  or  off  and  the  flow 
regulated  by  means  of  a  valve  d,  which  is  controlled  by  the 
hand  of  the  operator.  This  type  of  machine  will  drill  and 
ream  holes  up  to  3  inches  in  diameter,  and  may  be  used 
for  various  other  operations,  such  as  tapping,  grinding 
steam  joints,  boring  in  wood,  etc. 

33.     Electric    Urllis.  —  Electric     machines    that    are 
used   for   the  same   operations   embody   the  same  general 


Fig.  18. 

features  as  the  pneumatic  machines,  the   difference  being 
that  an  electric  motor  is  substituted  for  the  air  motor. 
S.  Vol.  11.— 13- 
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34.  Flexible  Stiaft.— Fig.  13  illustrates  a  flexible 
stiaft  and  drilling  machine  set  up  ready  for  use.  The  power 
is  transmitted  to  the  shaft  through  a  rope  drive,  the  rope  run- 
ning from  the  pulley  b  on  the  driving  end  of  the  shaft,  over 
a  pair  of  idlers  c  hung  from  the  ceiling,  to  a  pair  of  idlers  d 

attached  to  the  floor,  as  shown, 
thence  to  the  pulley  e  on  the 
countershaft.  By  either 
lengthening  or  shortening  the 

rope  attaching  the  idlers  d  to 

Pig-  14.  y      a  ,  ,.        7 

the  floor,  the  pulley  b  may  be 

moved  to  any  location  within  the  reach  of  the  driving  rope. 

A  variable  speed  is  obtained  by  means  of  the  step  pulley  c. 

The  shaft  is  made  by  winding  successive  layers  of  wire  in 

opposite  directions  about  a  center  wire,  as  shown  in  Fig.  14, 

the  outside  being  covered  with  leather. 

35.  Drlllinfir    Mactilne.  —  The    drilling    mactilne 

used  with  the  flexible  shaft  is  shown  in  Fig.  15.  It  con- 
sists of  a  pair  of  bevel  gears  a  and  b  mounted  in  a  frame  r, 
a  spindle  d^  feed-screw  ^,  and  wheel  f.  The  bevel  pinion  ^, 
which  is  covered  by  a  guard,  is  attached  to  the  flexible  shaft, 
while  the  bevel  wheel  /;  is  splined  upon  the  spindle  d.  The 
drill  is  held  in  the  spindle  in  the  usual  way. 

The  illustration  shows  how  the  machine  is  set  up  for 
drilling  with  the  flexible  shaft,  by  means  of  which  it  may  be 
operated  at  any  angle.  This  machine  may  also  be  used  for 
drilling  horizontal  holes  in  a  vertical  drill  press,  or  for  drill- 
ing vertical  holes  in  a  horizontal  machine,  by  attaching  it 
directly  to  the  drilling-machine  spindle  instead  of  the  flexible 
shaft. 

36.  Electrically  Driven  Flexible  Shaft. —When 
there  is  no  running  shaft  available,  the  flexible  shaft  may 
receive  its  power  from  any  convenient  portable  source,  as 
a  small  electric  motor  mounted  upon  a  suitable  truck.  The 
shaft  is  connected  to  the  motor  by  means  of  a  universal 
joint,  in  order  that  the  arrangement  may  be  as  flexible  as 
possible. 
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37.  Heavy  Portable  Macblne  Tools.  —  The  tend- 
ency toward  larger  units  in  manufactories  of  various  sorts 
has  introduced  a  new  phase  in  machine-tool  operations. 
Parts  that  are  too  heavy  to  be  machined  in  the   ordinary 


stationary  machine  tools  are  now  met  with  quite  commonly 
in  machine  shops.  This  has  led  to  the  use  of  large  cast-iron 
floors  upon  which  the  work  is  placed,  and  portable  machine 
tools,  which  may  be  carried  to  the  floor  and  set  up  in  any 
position  to  accommodate  the  work. 

Fig.  16  illustrates  a  case  where  a  13.5-ton  flywheel  was 
to  be  drilled  at  intervals  along  the  rim  for  the  purpose  of 
joining  the  sections  in  which  it  was  cast.  The  individual 
parts  were  machined  and  fitted  together,  but,  to  make  the 
joints,  several  2-inch  holes  had  to  be  drilled  through  26  inches 
of  solid  metal.     An  ordinary  radial  drill  was  lifted  from  its 
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base  and  set  upon  the  rim,  as  shown.  When  the  holes  at 
one  joint  were  drilled,  it  was  moved  to  the  next  joint  and  the 
operation  repeated,  until  all  the  joints  were  completed.     A 


rope  drive  was  used  in  transmitting  the  power  to  the  drill. 
The  idlers  were  attached  at  the  center  of  the  wheel,  thereby 
making  it  possible  to  move  the  machine  to  any  point  on  the 
rim  without  changing  the  length  of  the  rope. 
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BORING  MACHINES. 


INTRODUCTORY. 

38.  It  has  already  been  stated  that  the  machine  tools 
of  the  present  day  have  their  origin  in  the  lathe,  which 
stands  out  as  the  parent  machine  tool.  Some  of  the  differ- 
ent machines  developed  have  passed  through  various  stages 
and  forms  in  the  course  of  their  evolution  and  have  become 
distinctive  types  in  themselves,  bearing  in  their  general  ap- 
pearance no  resemblance  to  the  machine  from  which  they 
were  derived. 

This  is  especially  noticeable  in  machines  used  in  boring 
operations,  these  being  regarded  by  the  present-day  observer 
as  a  distinctive  type  of  machine  tool  in  themselves.  Two 
subdivisions  have  even  been  made,  each  division  represent- 
ing a  type  of  boring  machine  adapted  to  a  certain  class  of 
work.  These  two  types,  namely,  vertical  and  horizontal 
boring  machines,  are  so  widely  different  in  their  construction 
that  the  most  careful  observation  is  necessary  to  establish 
their  relationship.  While  they  are  known  as  boring  ma- 
chines, they  both  perform  other  operations.  The  vertical 
type  is  designed  for  turning  as  well  as  boring,  and  is  often 
called  a  boring  and  turning  mill.  The  horizontal  type 
usually  performs  drilling  and  some  classes  of  milling  opera- 
lions,  as  well  as  boring,  hence  the  name  horizontal  boring, 
drilling,  and  milling  machines. 


VERTICAL  BORING  MACHINE. 


GENERAL  DESCRIPTION. 

39.  Introductory. — Fig.  17  represents  the  ordinary 
vertical  boring  and  turning  nilll  found  in  up-to-date 
machine  shops.  The  work  is  clamped  upon  a  rotating  table 
a,  which  is  provided  with  slots  for  T-head  bolts  and  a  circu- 
lar hole  in  the  center,  as  shown.     The  cutting  is  done  by 
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means  of  tools  in  the  lower  ends  of  the  boring  bars  b,  b, 
there  being  on  the  machine  illustrated  two  of  these  bars 
carried  in  two  saddles  upon  a  cross-rail  c. 


40.  Control  of  Cuttlnic  Tools. — The  tools  are  raised 
and  lowered  by  means  of  the  hand  wheels  d,  li,  or  by  power 
through  the  rods  e,  c,  which  are  geared  to  the  boring  bars 
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and  connect  by  means  of  gearing  at  f  and  a  friction  wheel 
and  disk  at  g^  through  the  bed  of  the  machine  to  the  driving 
cone  h.  The  tools  are  fed  horizontally  by  means  of  the 
screws  /,  /,  which  traverse  the  saddles  upon  the  cross-rail. 
These  screws  may  be  operated  either  by  hand,  with  the 
handles y,y,  or  by  power  through  the  gearing  at/* and  fric- 
tion wheel  and  disk  at  g^  already  referred  to.  Reversing 
devices  are  provided,  and  the  whole  machine  is  entirely 
under  the  control  of  the  operator.  The  cross-rail  is  raised 
and  lowered  by  power  through  the  pulley  and  gearing  at  k, 

41.  Control  of  Feed. — The  rate  of  feed  is  regulated 
by  the  friction  wheel  and  disk  at  g.  The  wheel  can  be 
raised  and  lowered  by  turning  the  hand  wheel  /,  while  the 
position  of  the  disk  does  not  change.  It  will  be  seen  that  as 
the  wheel  approaches  the  circumference  of  the  disk,  it  will 
make  more  revolutions  per  revolution  of  the  disk  than  when 
near  the  center.  When  the  wheel  is  carried  below  the  cen- 
ter of  the  disk,  the  direction  of  motion  is  reversed,  while  the 
same  range  of  speeds  is  obtained  by  moving  it  toward  the 
circumference.  A  great  variety  of  both  vertical  and  hori- 
zontal feeds  in  either  direction  is  thus  obtained,  while 
clutches  and  reversing  mechanisms  in  the  saddles  place  the 
tool  perfectly  under  the  operator's  control.  Counterweights 
are  provided  wherever  possible,  in  order  that  all  parts  may 
be  operated  easily. 

42.  Arrangement  of  Feed.  —  The  feeds  are  so  ar- 
ranged that  one  tool  may  be  turning  the  outside  of  a  piece 
while  the  other  is  boring,  or  they  may  both  be  either  boring 
or  turning  on  the  same  or  different  diameters,  or  one  tool 
may  be  facing  the  top  while  the  other  may  be  either  boring 
or  turning.  When  working  on  different  diameters,  the  tool 
on  the  smaller  diameter  has  a  slower  cutting  speed  than 
that- cutting  on  the  larger,  and  the  speed  must,  therefore, 
be  adjusted  for  the  larger  diameter.  These  operations  are 
virtually  the  same  as  those  carried  on  in  the  lathe,  and  the 
tools  used  for  these  operations  in  the  two  machines  are 
identical. 
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43.  Table. — The  table  is  rotated  by  means  of  an  in- 
ternal gear  on  its  lower  side,  and  a  pinion  that  is  connected 
through  a  pair  of  bevel  gears  to  the  driving  cone  //.  A  back 
gear  like  that  on  a  lathe  is  provided,  which,  with  the  differ- 
ent steps  on  the  cone,  furnishes  a  wide  range  of  speeds. 

The  table  is  supported  in  the  center  upon  a  long  vertical 
spindle  running  in  a  bearing  near  the  top  and  another  bear- 
ing at  the  bottom,  while  a  step  bearing  at  the  lower  end 
takes  the  thrust.  The  rim  of  the  table  runs  in  a  groove  in 
the  bed,  which  is  flooded  with  oil,  and,  when  running  slowly 
on  heavy  work,  the  greater  part  of  the  weight  is  taken  on 
this  rim. 

Provision  is  made  for  raising  and  lowering  the  table  when 
running  at  high  speeds  on  light  work,  so  that  the  entire  load 
is  taken  by  the  spindle.  A  screw  ;//  connects  with  a  wedge 
under  the  thrust  bearing  by  means  of  a  nut  and  lever,  and, 
by  turning  the  screw  in  one  direction,  the  wedge  is  forced 
in,  while  rotation  in  the  opposite  direction  withdraws  it. 
Conical  turning  or  boring  may  be  done  by  setting  the  head 
at  an  angle,  as  shown  at  the  right  hand  of  Fig.  17. 


BXTCNSION    BORING    MILL. 

44.  In  shops  where  there  is  occasionally  a  piece  of  large 
diameter  to  be  turned,  but  where  there  is  not  enough  of 
this  class  of  work  to  warrant  the  purchase  of  a  large  boring 
mill,  an  extension  boring  mill  may  be  used  to  advantage. 
On  an  extension  mill,  the  bed  <?,  Fig.  17,  is  made  with  an 
extension  at  the  back  and  ways  on  top,  on  which  the  hous- 
ings //  rest,  and  on  which  they  may  be  moved  back,  so  as  to 
accommodate  a  larger  piece  upon  the  table.  The  cross-rail 
is,  of  course,  carried  back  with  the  housings,  and,  in  order 
to  do  boring,  it  is  necessary  to  use  a  vertical  boring  bar 'sup- 
ported from  an  arm  attached  to  the  cross-rail  and  resting  in 
the  center  of  the  table.  As  the  table  revolves,  the  bar  must 
stand  still.  A  hub  at  the  center  of  the  work  may  be  faced 
by  using  an  ordinary  facing  head,  such  as  is  used  in  facing 
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the  ends  of  cylinders  on  a  horizontal  boring  mill.  This 
simple  provision  in  a  mill  designed  for  the  average  work  of 
a  shop  will  enable  larger  pieces  to  be  machined  at  a  com- 
paratively small  increase  of  cost  for  machine  tools. 


BORING    AND   TURNING    OPERATIONS. 

45.  Setting  the  Work. — The  horizontal  table  of  the 
boring  mill  makes  the  setting  of  the  piece  differ  from  that 
of  the  lathe  and  resemble  the  setting  upon  the  drilling- 
machine  table.  The  piece  must,  of  course,  be  set  perfectly 
central  with  the  center  of  rotation  as  in  the  lathe,  and  must 
be  blocked  up  and  clamped  as  on  a  drilling-machine  table, 
or  set  in  jaws  as  in  corresponding  lathe  operations.  When 
turning  and  boring  a  flat  part,  as  an  engine-crank  disk,  for 
instance,  the  part  is  held  in  jaws  precisely  as  a  piece  of 
similar  form  would  be  held  on  a  lathe  face  plate.  When 
the  center  of  such  a  piece  has  been  bored,  the  top  faced, 
and  as  much  of  the  outside  turned  as  the  jaws  will  permit, 
the  piece  is  turned  over,  trued  up  with  the  center,  again 
gripped  in  the  jaws,  and  the  remaining  parts  finished. 

When  a  piece  is  held  in  this  way,  it  is  always  well  to  use 
one  or  more  drivers,  to  prevent  the  piece  from  yielding  to 
the  tangential  pressure  of  the  tool  and  slipping  in  the  jaws. 
Irregular  pieces  call  for  some  ingenuity  on  the  part  of  the 
operator,  but  the  principles  involved  are  the  same  as  those 
in  the  case  described. 

46.  The  following  principles  may  be  taken  as  a  guide  in 
all  emergencies.  The  piece  must  always  be  set  with  the 
circumference  to  be  finished  exactly  concentric  with  the 
center  of  rotation,  and  the  center  line  must  be  perpendicular 
to  the  plane  of  the  table.  If  the  lower  surface  is  irregular, 
it  must  be  blocked  up,  so  that  the  conditions  mentioned 
above  are  true,  and  must  then  be  either  gripped  with  jaws 
or  clamped  as  in  the  drill  press,  drivers  being  provided  to 
take  the  twisting  strain.  The  drivers  may  be  simply  angles, 
or  any  devices  to  prevent  the  part  from  turning  on  the  table. 
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Care    must    also    be  taken  so    that    the    piece  shall  not  tie 
sprung  out  of  its  true  shape  when  clamped  down. 

47.  Example  of  Settlnjc*— Fig.  18  illustrates  how  an 
irregular  piece  may  be  secured  on  the  table.  Before  setting 
a  piece,  the  table  must  be  carefully  cleaned  and  lowered  so 
that  the  weight  is  taken  on  the  outer  rim.  When  this  is 
neglected,  there  is  danger  of  injuring  the  step  bearing  and 
also  of  springing  the  table.  The  piece  is  then  placed  on  the 
table,  set  approximately  central,  and  leveled  up  by  blocking 
at  regular  intervals.  In  Fig.  IH,  screw  jacks  «  are  used  in 
leveling  up.     When  the  piece  is  approximately  level,  a  tool 


is  brought  very  near  the  circumference  to  be  turned,  and 
the  table  is  rotated  slowly.  Careful  observation  of  the  dis- 
tance between  the  part  and  the  tool  will  show  in  which 
direction  it  must  be  moved  in  order  to  bring  it  perfectly 
central.  At  the  same  time,  the  distance  from  the  tool  to 
the  upjier  surface  may  be  observed  and  the  piece  brought 
level  as  well.  Several  trials  may  be  necessary  before  the 
correct  position  is  obtained.  Jaws  d,  which  are  supported 
upon   extension   arms  c,  which  in  turn  are   bolted   to   the 
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table  //,  are  used  for  centering  and  clamping.  The  jaws 
are  equipped  with  adjusting  screws  e  to  control  the  grip  f. 
The  jaws  are  also  provided  with  clamping  bolts  (not  shown) 
by  means  of  which  they  are  secured  after  being  adjusted. 

48.  All  adjustments  having  been  made,  two  drivers,  one 
on  each  side  of  the  center,  are  set  against  any  available  sur- 
face. In  the  illustration,  an  angle  g  is  set  against  a  lug  // 
and  is  clamped  on  the  table,  as  shown.  The  piece  having 
now  been  properly  secured,  it  may  be  well  to  test  the  setting 
again,  and  to  look  over  all  bolts,  so  as  to  be  sure  that  every 
part  is  fastened  securely,  after  which  the  machine  may  be 
started,  the  speeds  properly  adjusted,  and  the  tools  fed  as 
required.  The  cutting  conditions  are  the  same  as  in  a  simi- 
lar operation  in  a  lathe. 

The  piece  shown  is  held  by  three  vertical  jacks  a^  three 
jaws  b^  and  two  drivers^.  On  pieces  where  a  flange  or  any 
other  surface  upon  which  a  clamp  may  secure  a  hold  is  avail- 
able, clamps  are  used  in  preference  to  the  jaws,  drivers  being 
applied  to  prevent  any  sliding  on  the  table.  In  some  cases, 
the  weight  of  the  part,  together  with  the  clamp,  furnishes 
grip  enough  on  the  surface  of  the  table  to  prevent  any  slip- 
ping, but  this  grip  is  very  uncertain,  and  it  is  better  not  to 
depend  on  it  entirely.  Other  special  boring  operations  are 
described  in  Drilling  and  Borings  Part  3. 


HORIZONTAL    DRILLING    AND    BORING 

MACHINES. 

49.  Introductory. — Horizontal  drilling  operations  are 
so  closely  associated  with  horizontal  boring  that  they  will 
be  considered  together.  Nearly  all  horizontal  machines  are 
designed  for  drilling,  boring,  and  milling,  the  spindle  being 
designed  for  any  of  these  operations.  The  economy  of  such 
an  arrangement  is  evident  when  it  is  considered  that  the 
boring  operation  requires  that  a  hole,  sufficiently  large  to 
permit  a  boring  bar  to  be  passed  through  it,  be  previously 
formed,  either  by  coring  or  drilling. 
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Small  holes,  up  to  about  2  inches  in  diameter,  are  usually 
drilled,  and  a  machine  that  will  do  both  the  drilling  and  boring 
with  one  setting  saves  a  large  amount  of  time.  Resetting,  or 
moving  to  another  machine,  frequently  takes  more  time  and 
requires  a  larger  number  of  men  than  the  drilling  or  boring, 
while  in  the  meantime  the  machine  is  standing  idle  and  the 
additional  service  of  a  power  crane  is  often  necessary.  For 
this  same  reason,  it  is  an  advantage  to  be  able  to  perform  a 
milling  operation  at  the  same  time.  It  will  be  observed 
that  these  three  operations  require  practically  the  same 
spindle  action,  and  can,  therefore,  be  carried  on  in  the  same 
machine.  It  is  economy  to  have  machine  tools  so  arranged 
that  the  greatest  possible  amount  of  work  may  be  done  with 
one  setting.  This  should  always  be  borne  in  mind  when 
selecting  and  arranging  machines,  as  well  as  in  their  opera- 
tion. 

50«  Drilling  and  Boring. — It  has  already  been  stated 
that  drilling  consists  of  sinking  circular  holes  in  solid  ma- 
terial. Boring,  as  understood  in  a  machine  shop,  consists 
of  enhirging  and  truing  a  hole  that  has  previously  been 
made.  This  is  done  by  supporting,  independently  of  the  piece 
to  be  bored,  a  bar  that  carries  one  or  more  cutters.  The 
center  of  the  bar  thus  forms  the  center  of  the  bored  hole  in- 
dependently of  the  center  of  the  original  hole.  Where  the 
center  of  the  new  hole  does  not  correspond  with  the  center 
of  the  original  hole,  the  heavy  cut  on  one  side  will  cause  the 
bar  to  spring  and  the  hole  will  neither  be  perfectly  round 
nor  straight.  One  or  two  light  cuts  after  the  roughing  cut 
has  been  taken  usually  true  it  up.  When  the  cut  is  uneven, 
therefore,  provision  should  be  made  for  a  finishing  cut  by 
using  a  cutter  slightly  smaller  than  the  desired  hole  for  the 
first  cut. 

51.  Simple  Boring  Bar. — There  are  two  different 
styles  of  bars  used  in  this  operation.  The  simplest  of  these 
is  used  almost  entirely  for  the  smaller  holes,  and  resem- 
bles, in  construction,  the  counterbore  already  described  in 
Art.  69,  Drilling  and  luiring.  Part  1. 
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Fig.  19  represents  this  type  of  bar.  The  end  a  is  made 
to  fit  either  the  spindle  or  some  device  attached  to  it.  The 
bar   should  be  as  large  as  the  hole    will    permit,  in    order 


Pig.  19. 

that  the  spring  may  be  reduced  to  a  minimum.  The  mate- 
rial for  the  bar  should  be  selected  with  a  view  to  its  stiff- 
ness. For  the  larger  sizes,  cast  iron  is  often  used  because 
of  its  great  rigidity. 

62.  Cutter  Slot,  Cutter,  and  Key.— At  the  middle 
of  the  bar,  a  rectangular  slot  is  formed  to  receive  the  cutter 
b  and  a  key  ^,  which  holds  the  cutter  in  place.  The  back  of 
the  cutter  and  the  front  of  the  key  are  slightly  tapered  in 
order  to  wedge  the  key  in  the  slot,  the  two  ends  of  which 
are  parallel  and  perpendicular  to  the  center  line.  When  the 
cutter  has  been  fitted,  it  should  be  turned  up  in  the  bar, 
making  the  ends  parallel.  The  cutting  should  all  be  done 
on  the  front  edges,  which  are  formed  with  the  proper  clear- 
ance angles.  The  outer  corners  are  usually  rounded 
slightly. 

When  no  adjustment  of  the  cutter  is  required,  it  is  well  to 
fit  it  into  the  slot  with  a  slight  taper  running  from  the  out- 
side of  the  bar,  as  shown  by  the  dotted  line  d.  This  enables 
it  to  be  removed  and  replaced,  or  allows  other  cutters  that 
have  been  similarly  fitted  to  be  inserted  in  its  stead.  This 
will  not  do  for  cutters  that  require  adjustment,  as  the  ta- 
pered sides  hold  them  firmly  in  one  position.  This  advantage 
is,  however,  so  great  that  it  is  generally  thought  better 
practice  to  have  a  set  of  cutters  of  different  sizes  properly 
fitted  to  the  bar  than  to  use  the  adjustable  form. 

53.  Lrocation  of  CutterH. — The  cutter  is  placed  at  the 
middle  of  the  bar,  since  this  type  travels  through  the  work. 
The  work  extends  its  full  length  beyond  the  cutter  in  both 
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Pig.  20. 


directions  as  the  latter  reaches  the  ends  of  the  work.  A 
pair  of  slots  similar  to  that  at  the  middle  are  put  near  the 
ends  of  the  bar,  where  the  ends  of  the  piece  are  to  be  faced, 
and  facing  cutters  are  inserted.  Thus, the  boring  and  facing 
will  be  done  with  the  same  bar  and  with  a  single  setting 
of  the  piece. 

54.  LeoKtli  of  Bar. — This  type  of  bar  should  be  some- 
what more  than  twice  the  length  of  the  work,  in  order  that 

there   may  be  room   for 

^ ^      ^  setting  the  cutter  when 

the  work  stands  at  either 
end. 

55*  Nut  Support 
— .  for  Cutter.  —  Another 
I  boring  bar  and  cutter 
of  this  same  class,  that 
possess  some  excellent 
features,  are  shown  in 
Fig.  20.  The  cutter  a  is  notched  with  tapered  sides  to  fit 
corresponding  tapers  on  the  bar,  as  shown.  A  nut  c  and 
collar  b  are  used  to  hold  the  cutter  instead  of  the  ordinary 
key.  A  better  support  for  the  cutter  is  thus  provided, 
while  the  danger  of  injury  due  to  the  use  of  the  hammer 
in  setting  the  cutter  is  entirely  eliminated. 

56.  Boring  Bar  With  TraveHnfir  Head. — Another 
form  of  boring  bar  that  is  used  in  boring  holes  of  compara- 
tively large  diameter  is  shown  in  Fig.  21.  The  bar  a  is  usu- 
ally made  of  cast  iron,  cored  out  so  as  to  furnish  the  greatest 
stiffness  with  a  minimum  weight.  Ahead  b  is  bored  to  fit 
the  bar  and  turned  on  the  outside  to  a  diameter  somewhat 
smaller  than  the  diameter  to  be  bored.  One  or  more  boring 
tools  c  are  let  into  the  head,  as  shown,  and  are  held  in  place 
by  the  straps  and  tap  bolts  at  d. 

57.  Boring  Head. — The  head  is  traversed  by  means  of 
a  screw  r,  which  runs  in  a  slot  in  the  side  of  the  bar,  and  a 
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out  on  the  inside  of  the  head.     The  slot  is  made  large  enough 

so  that  the  nut  is  free  to  travel 
from  end  to  end  as  the  screw 
is  rotated.  The  head  is  rotated 
with  the  bar  by  means  of  a  key 
in  the  head  and  a  spline  that 
runs  the  entire  length  of  the  bar, 
diametrically  opposite  the  feed- 
screw. Bearings  f,  f  support 
the  screw  at  each  end,  while  it 
is  rotated  with  reference  to  the 
bar  by  means  of  a  star  feed, 
acting  through  the  gears  at  h. 


58.     Rotation  of  Bar  and 
Support  of  Outer  End. — The 

bar  is  rotated  by  attaching  it  to 
the  spindle  of  a  boring  mill,  or 
by  means  of  special  gearing. 
The  outer  end  of  the  bar  is  sup- 
ported by  a  bearing  carried  upon 
a  pedestal  that  can  be  moved  on 
the  floor  to  suit  the  position  of 
the  head,  and  adjusted  to  any 
desired  height. 


1^ 


59.  FaclUK  Head.  — This 
type  of  bar  is  generally  equipped 
with  a  facing  head,  as  described 
in  Art.  70,  that  is  clamped  to 
the  bar,  as  shown.  This  head 
receives  its  feed  in  the  direction 
of  the  length  of  the  bar  by  mov- 
ing the  whole  bar  and  spindle 
endwise.  The  facing  tool  is  fed 
radially  by  means  of  a  star  feed, 
as  described  in  the  article  men- 
tioned. 
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60.  Head. — One  of  the  simplest  types  of  drilling  and 
boring  machines  is  illustrated  in  Fig.  'i2.  The  general  ar- 
rangement of  the  head  resembles  very  closely  that  of  a 
lathe,  the  cone  pulley  and  back  gear  being  the  same.  Instead 
of  the  ordinary  face  plate,  there  is  an  attachment  on  the 


end  of  the  spindle  for  supporting  either  a  drill  or  a  boring 
bar.  The  spindle  runs  through  the  center  of  the  cone  and 
is  so  splined  that,  while  it  rotates  with  the  driving  gear,  it 
may  be  fitd  through  it  by  means  of  the  screw  a,  which  is 
turned  either  by  the  hand  wheel  d  through  the  shaft  and 
gearing  shown  or  by  power  through  the  gearing  ate. 

Gl.  Borlna-Bar  Support. — An  outer  bearing  (/forms 
a  support  for  the  outer  end  of  the  boring  bar.  Slots  t  andj 
ill  the  head  and  the  side  of  the  table,  as  shown,  permit  this 
lieariug  to  be  moved  as  near  to  the  work  as  possible,  in  order 
to  prevent  any  unnecessary  spring  in  the  bar. 

ttZ.  Table. — The  table  is  supported  at  the  outer  end 
and  provision  is  made  for  vertical,  side,  and  longitudinal 
adjustment  by  means  of  the  screws  r,  c,  y,  and^,  respect- 
ively. 

63.  Settlns  the  Work  and  Tools.  — The  work, 
which  is  set  upon   the  table  A,  can  be  drilled  and  bored  in 
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one  position,  then  moved  to  another  position  and  the 
operation  repeated  without  resetting.  The  work  is  fast- 
ened on  the  table  precisely  as  it  is  on  a  vertical  drill,  care 
being  taken  to  have  the  center  line  of  the  hole  in  perfect 
line  with  the  center  of  the  spindle.  It  is  well,  also,  to 
guard  against  the  work  slipping  endwise  by  setting  a  dog, 
or  other  support,  solidly  against  each  end.  The  tools  used 
in  this  style  of  drill,  aside  from  the  boring  bar,  are  the 
same  as  those  used  for  similar  operations  in  the  machines 
already  considered. 


POST  URILL. 

64.  Another  form  of  machine  that  is  used  very  largely 
in  machine  shops  for  work  not  requiring  extreme  accu- 
racy is  shown  in  Fig.  33,     The  driving  parts  are  supported 


OD  two  posts,  which  give  this  claiis  the  name  of  p«»t  drill. 
The  spindle  a,  with  the  driving  part   b,  may  he  adjusted 
S.  Vol.  It.— 14. 
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vertically  by  means  of  a  rack  c  on  the  post,  while  the  work, 
which  is  set  upon  a  table  d  equipped  with  wheels  and 
mounted  upon  a  track,  is  adjusted  horizontally  by  moving 
the  entire  carriage  along  the  track.  In  the  machine 
shown,  the  carriage  is  moved  by  means  of  a  bar  that  fits 
the  holes  shown  in  the  hub  e  of  the  wheel  nearest  the  post. 
The  machine  is  driven  by  means  of  a  belt  y,  which  runs 
over  an  idler  ^  and  a  driving  pulley  on  the  spindle  a^  then 
over  another  idler  //,  down  through  the  floor,  and  up  again 
at  /. 

The  essential  features  of  the  driving  mechanism  are  the 
same  as  in  horizontal  boring  and  drilling  machines,  although 
the  details  are  necessarily  quite  different. 

This  machine  is  used  very  largely  for  drilling  flanges,  spot 
facing,  etc.,  and  is  especially  useful  on  parts  that  are  too 
high  to  be  drilled  in  an  ordinary  machine  tool.  The  posts 
are  carried  high  enough  to  accommodate  any  work  that  can 
be  handled  in  the  shop,  the  tops  being  supported  by  means 
of  braces  carried  from  the  side  walls  or  ceiling. 


HORIZONTAL  FLOOR    MILLS. 

65.  General  Arrangfement. — A  type  of  horizontal 
boring,  drilling,  and  milling  machine  that  is  used  quite 
extensively  in  shops  doing  heavy  work  is  illustrated  in 
Fig.  24.  The  boring  bar  a  and  feed  mechanism  are  carried 
in  a  head  ^,  supported  on  a  column  r,  which,  in  turn,  rests 
on  the  bed  d.  The  power  is  transmitted  to  the  machine 
through  the  cone  pulley  and  back  gear  at  r,  and  is  carried 
by  means  of  shafting  and  gears  to  the  boring  bar.  The 
machine  is  so  constructed  that  the  head  may  be  moved 
vertically  on  the  column,  and  the  column  horizontally  on 
the  bed,  while  the  boring  bar  moves  in  and  out  through 
the  head. 

The  work  is  set  on  a  floor  //,  which  is  provided  with 
T  slots,  as  shown.  The  outer  end  of  the  boring  bar  is  sup- 
ported in  a  bearing/ mounted  on  the  column^,  which  rests 
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on  the  floor.     The  column  and  bearing  may  be  moved  to 
any  location  on  the  bed,  and  adjusted  to  any  desired  height. 


66.  Floor. — The  floor  of  this  type  of  machine  is  some- 
times made  very  large,  so  as  to  accommodate  more  than 
one  machine.  A  good  arrangement  consists  of  two  ma- 
chines set  at  right  angles  to  each  other,  the  one  being  of 
a  heavy   class   designed   principally   for    boring   on   large 
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diameters,  while  the  other  is  somewhat  lighter  and  is  espe- 
cially adapted  for  drilling  operations. 

67.  Double-Head  Machine. — Machines  have  been 
designed  with  a  heavy  boring  head  on  one  side  of  the  col- 
umn and  a  drilling  head  on  the  other,  with  the  driving 
mechanism  so  arranged  that  either  one  can  be  thrown  in 
at  will.  With  this  arrangement,  only  one  head  can  be  op- 
erated at  a  time,  and  the  experience  of  users  of  such  a 
machine  seems  to  indicate  that  better  results  are  obtained 
by  mounting  the  two  heads  on  separate  columns,  so  that 
both  may  be  operated  at  once. 

68.  Settingr  and  Fastening:  Work. — The  same  prin- 
ciples that  have  already  been  mentioned  in  connection  with 
the  securing  of  the  work  on  the  tables  of  other  machines 
apply  to  this  class  of  machine  as  well.  It  is  necessary  to  set 
the  work  perfectly  level,  and  to  line  up  the  center  line  of 
the  proposed  hole  with  the  center  line  of  the  boring  bar. 
Parallels  and  blocks,  or  wedges,  are  used  to  raise  the  work 
to  a  suitable  height,  and  to  level  it  up.  When  it  is  properly 
set,  clamps  are  applied,  as  shown  in  Fig.  25. 

69.  Example  of  Setting  Up  and  Fastening:  l^^ork. 

Fig.  25  represents  an  engine  bed  set  up  on  a  large  floor 
and  being  operated  on  by  a  boring  bar  connected  with  a 
large  horizontal  boring  machine.  The  bed  a  is  mounted  on 
parallels  ^,  b  near  each  end  of  the  bed,  which  are  clamped 
to  the  floor  plate  by  means  of  the  clamp  r,  and  the  bed  is 
clamped  to  the  upper  parallels  with  the  clamps  d^  d.  A  pair 
of  pipe  jacks  e^  e  running  out  from  the  corners,  as  shown, 
guard  against  both  side  and  end  motion.  A  duplicate  set 
of  parallels,  clamps,  and  jacks,  at  the  other  end,  which  is 
not  shown,  hold  the  bed  rigidly  in  place. 

70»     Arranfirement  of  Boring:  Bar  and  Cutter. — 

'The  illustration  shows  the  boring  bar/*,  the  boring  head  g 
with  two  tools  //,  //  in  position,  the  traversing  screw  /,  the 
outer  bearing  y  with  the  front  of  its  supporting  column  /% 
the  facing  head  /  with  the  tool  m  clamped  on  the  tool  slide  ;/, 
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the  feed-screw  ^,  the  star  /,  and  the  star  feed-post  q^  the 
last  being  bolted  to  the  floor. 

The  boring  bar  is  connected  to  the  spindle  by  means  of  a 
special  socket  r.  One  end  of  the  socket  fits  the  spindle  and 
the  other  end  is  bored  out  to  receive  the  boring  bar,  which 
is  gripped  and  held  central  by  means  of  four  setscrews  s. 
The  illustration  shows  a  typical  piece  of  work  for  this  class 
of  machine,  and  the  usual  method  of  supporting  and  hold- 
ing it. 


MILLING  OPBRATIONS  IN  BORING  MIL.L.8. 

71,  The  milling  done  in  horizontal  boring  machines  is 
similar  to  that  done  in  the  heavier  types  of  milling  machines. 
Solid  cutters  are  used  for  the  smaller  work,  and  large 
inserted-tooth  cutters,  resembling  the  heads  used  on  rotary 
planers,  are  usually  employed  in  facing  large  surfaces.  The 
horizontal  boring  machine  is  especially  well  adapted  for 
facing  irregular  surfaces,  the  horizontal  and  vertical  feeds 
being  so  arranged  that  either  one  or  both  may  be  thrown  in 
at  the  same  time,  thus  permitting  any  path  within  the  range 
of  the  machine  to  be  followed. 


CYLINDER    BORING. 

72.  Setting  Up  Work.  —  Engine,  pump,  or  other 
cylinders  in  which  a  reciprocating  piston  must  operate, 
should  always  be  bored  in  the  position  in  which  they  are  to 
be  used.  The  cylinder  of  a  vertical  engine  should  be  bored 
standing  on  its  end,  while  the  cylinder  of  a  horizontal 
engine  should  be  bored  in  a  horizontal  position.  In  large 
cylinders,  especially,  there  is  considerable  spring  due  to 
their  weight,  which  will  tend  to  produce  an  oval  shape  when 
a  cylinder  that  has  been  bored  in  a  vertical  position  is  laid 
on  its  side,  or  when  a  cylinder  bored  in  a  horizontal  position 
is  set  on  end.  When  the  boring  is  done  in  its  working  posi- 
tion, this  difficulty  is  practically  eliminated. 
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73.  Tools  for  Finlshlnfir  Cut.  —  The  working  sur- 
face should  be  very  carefully  bored  in  order  that  there  may 
be  no  unevenness  or  irregularities  of  any  sort.  There  is 
some  difference  of  opinion,  however,  as  to  the  best  course  to 
pursue  to  attain  this  end.  Some  claim  that  the  finishing 
cut  should  be  taken  with  a  square-nosed  tool  in  order  that 
the  surface  may  be  perfectly  smooth,  while  others  prefer  a 
rounded  diamond  point,  claiming  that  the  narrow  point  is 
less  affected  by  unevenness  in  the  structure  of  the  metal, 
and  that  the  slight  ridges  formed  tend  to  reduce  the  amount 
of  metal  in  actual  contact,  and  are  an  advantage  rather  than 
a  detriment.  The  ridges  also  tend  to  draw  the  oil  under 
the  piston,  thus  affording  better  lubricating  conditions. 

74.  Continuous  Travel  on  Finishing  Cut.  —  All 

shop  men  agree  that  whatever  tool  is  used  for  the  finishing 
cut,  it  should  run  continuously  from  one  end  of  the  cylinder 
lo  the  other.  The  heating  due  to  the  action  of  the  tool 
causes  enough  expansion  that  even  a  short  stop  will  leave  a 
noticeable  ridge,  and  long  stops  often  make  it  necessary 
to  bore  the  whole  length  over  again.  For  this  reason, 
cylinder-boring  machines  should  be  run  by  an  independent 
engine  or  other  motor. 

75.  Machines    Employed    In  Cylinder  Boring- — 

Cylinders  are  bored  in  lathes,  vertical  and  horizontal  boring 
mills,  or  special  machines  built  for  that  purpose,  depending 
on  the  amount  of  this  class  of  work  that  is  to  be  done.  Ex- 
cept in  shops  where  a  specialty  is  made  of  one  or  more  types 
of  machines,  either  a  lathe  or  an  ordinary  vertical  or  hori- 
zontal boring  mill  is  used. 


CORLISS  BNGINB  CYLirVDBR-BORING  MACHINE. 

76.     A    machine    for     boring    large    Corllas    engflne 

cylinders  is  shown  in  Fig.  20.  Two  adjustable  boring 
bars  a  and  ^,  standing  at  right  angles  to  the  main 
spindle  c,  are  provided  for  boring  the  ports,  while  the 
main  spindle  c  bores    the  cylinder  proper.     An  outboard 
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bearing  d  for  the  main  boring  bar,  which  is  mounted  on 
a  vertical  slide  on  the  column  r,  is  raised  and  lowered  to 
suit  the  spindle  by  means  of  the  wheel  /.     The  main  spindle 

is  driven  through  the 
cone  and  back  gear 
at  g^  while  the  main 
head  //  is  raised  and 
lowered  by  means  of 
a  belt  running  on  the 
pulleys  /,  which  con- 
nect with  the  head  by 
means  of  a  vertical 
shaft  through  a  worm 
and  worm-gear  at/. 
The  small  heads  and 
boring  bars  a  and  b 
are  operated  through 
the  cone  and  gearing 
at  k  and  shafting  and 
gears  in  the  bed  /  and 
column  m.  The  col- 
umn «,  with  its  bear- 
ings, forms  an  outer 
support  for  the  two 
boring  bars  a  and  b. 
The  cylinder  is  sup- 
ported on  the  paral- 
lels 0  and  /. 


PlO.  27. 
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CYLINDER-BORING 

MACHINE. 

77.  In  shops  hav- 
ing a  large  amount 
of  vertical  cylinder 
boring  to  be  done, 
special  machines  are 
sometimes  employed ; 
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these  machines  are  so  constructed  that  the  cylinder  stands 
on  a  heavy  floor  plate,  to  which  it  is  clamped.  The  boring 
is  done  by  a  vertical  bar,  the  upper  end  of  which,  together 
with  the  driving  mechanism,  is  carried  by  heavy  columns. 
These  machines  are  sometimes  so  constructed  that  the  bar 
and  a  portion  of  the  driving  mechanism  may  be  lifted  out  of 
the  way  while  the  cylinder  is  being  placed  in  the  machine. 
Such  heavy  machines  are  usually  run  by  an  independent 
engine  or  other  motor. 


VBRTICAL  BORING   BAR. 

78.  In  shops  where  the  amount  of  work  does  not  war- 
rant the  purchase  of  an  expensive  machine,  a  vertical  boring 
bar,  like  the  one  shown  in  Fig.  27,  may  be  used.  The 
cylinder  is  supported  on  the  stand  ^,  and  is  clamped  between 
it  and  the  four-arm  bracket  b  at  the  top,  which  also  forms 
the  guide  for  the  boring  bar  c.  The  bar  is  rotated  by  means 
of  a  large  bevel  gear  d  and  a  bevel  pinion  (not  shown)  that 
connects  with  a  pulley  from  which  the  machine  receives  its 
power.  The  cutter  head  e  is  fed  by  means  of  the  ordinary 
feed-screw/* and  the  reduction  gearing^  and  h  shown  at  the 
top  of  the  bar. 


BORING  SPHERICAL  BEARINGS. 

79.  The  boring  of  internal  spherical  surfaces  is  accom- 
plished by  means  of  a  revolving  boring  bar  that  carries  a 
tool  on  an  arm  that  moves  in  an  arc  about  a  point  in  the 
center  of  the  bar,  the  axis  of  rotation  of  the  arm  intersecting 
the  center  line  of  the  bar  at  right  angles. 

80.  Special  Boring:  Bar. — Fig.  28  illustrates  a  device 
designed  for  this  purpose.  A  boring  bar /?  has  a  double-end 
arm  h  h  pivoted  on  the  axis  c^  which  stands  at  right  angles 
to  the  center  line  of  the  bar.  The  arm  b  b  carries  on  its 
outer  ends  two  tools  d,  d,  set  in  and  clamped  as  shown. 

It  will  be  seen  that  if  the  arm  b  is  turned  about  its  axis  c 
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while  the  bar  a  is  rotating,  the  tool  points  will  bore  an 
internal  spherical  surface.  In  order  to  secure  this  motion, 
the  arm  is  constructed  with  the  segment  of  a  worm-gear  e 
on  one  side.  A  worm  /  engages  with  this  worm-gear,  so 
that  when  the  worm  is  rotated,  the  arm  swings  about  the 
center  c,  causing  the  tool  points  to  travel  in  an  arc  about 
the  same  center.  The  worm  f  is  revolved  by  a  star  g 
through  the  gears  h  and  /.     A  post  on  the  floor  operates  the 


star  in  the  usual  way.  The  worm  f  is  supprorted  in  two 
flanged  bushings  y"  and  k,  while  the  arm  b  is  pivoted  on  a 
through  bolt.  The  end  /  of  the  boring  bar  is  made  to  fit  the 
spindle  of  a  large  horizontal  boring  mill  in  which  it  is  used, 
while  the  end  m  fits  the  outer  bearing.  Narrow  round- 
nosed  tools  are  usually  employed  with  a  fine  feed,  so  as  to 
form  a  smooth  surface.  For  the  roughing  cuts,  the  two 
tools  may  be  used,  but  for  the  finishing  cut,  it  is  best  to  use 
one  tool  only. 

SI.     Portable  Borlne  Devices. — When  the  amount 
(^   spherical   boring    to    he    done   does   not   warrant    the 
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construction  of  a  bar  as  illustrated  in  Fig.  28,  or  in  cases 
where  a  portable  arrangement  is  necessary,  a  boring  bar 
may  be  fitted  up  as  shown  in  Fig.  29.  An  ordinary  boring 
bar  a,  with  its  feed-screw  and  gearing  b  and  c,  and  boring 
head  li,  is  fitted  up  with  a  forked  arm  c,  which  is  pivoted 
on  both  sides  of  the  bar,  so  that  the  axis  of  rotation  of  the 
arm  and  the  center  line  of  the  bar  intersect  at  right  angles. 


The  arm  e  carries  a  tool  y"  and  is  connected  with  the  head  d 
by  the  link  g.  The  boring  bar  is  rotated  by  means  of  the 
worm-gear  ft  and  a  worm  and  pulley  that  are  not  shown. 
As  the  screw  b  is  rotated,  the  head  d  is  moved  along  the 
bar,  and  the  link  g  causes  the  arm  e  to  swing  about  its 
axis,  and,  when  both  bar  and  screw  are  rotated,  the  tool  will 
form  the  desired  spherical  surface. 

The  illustration  shows  the  bar  mounted  on  a  large  engine 
bed  /  /,  ready  to  bore  the  spherical  bearing  j'j.  The  bar  is 
supported  on  two  brackets  /■,  k  bolted  to  the  ends  of  the 
hearings,  and  is  kept  from  moving  endwise  by  means  of  the 
worm-gear  /;  on  one  t-nd  and  the  collar  /  on  the  other  end. 
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DRILLING-MACHINE  OPERATIONS. 


1.  Laying  Out. — In  many  modern  machine  shops,  the 
Ia7la|[  out  of  all  the  work  is  done  in  a  special  department 
and  the  work  is  sent  to  the  machine  tools  ready  for  the 
operation.  Porthe  drilling  machine,  the  cen-  ,- 
ter  of  the  required  hole  is  marked;  a  circle  ~" 
equal  to  the  diameter  is  scribed  about  it  and 
light  prick-punch  marks  put  at  the  center  ' 
and  at  intervals  about  the  circumference,  as 
shown  in  Fig.  1.  The  diameter  and  character 
of  the  hole  are  also  marked,  usually  with  fioi- 
chalk.  The  marks  on  Fig.  1  indicate  that  a  li-inch  reamed 
hole  is  required. 

2.  Enlarfflns  tbe  Center  Mark. — When   the  work 

reaches  the  drill,  the  operator  enlarges  the  center  a  with  a 
large  center  punch,  to  form  a  guide  for  the  drill  point  when 
beginning  the  cut.  It  is  practically  impossible  to  start  the 
drill  in  the  center  of  the  hole  without  the  assistance  of  this 
deep  center  mark. 
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3.  Adjustlns  the  Work  and  Table. — The  piece  is 
now  ready  for  the  drill,  and  is  mounted  and  clamped  on  the 
table  as  already  explained.  The  drill  table  is  then  swung 
about  and  adjusted  until  the  center  mark  stands  immediately 
under  the  drill  point,  the  drill  having,  in  the  meantime, 
been  run  down  to  make  sure  that  the  point  coincides  with 
the  center.  The  table  is  then  clamped  to  prevent  any 
motion  while  drilling,  the  machine  started,  and  the  drill 
fed  into  the  work. 


Fig.  2. 


4.  Starting:  the  Drill. — When  the  drill  has  com- 
menced cutting,  any  unevenness, 
or  varying  hardness  of  the  metal, 
or  imperfection  in  the  drill  point, 
tends  to  carry  the  point  away  from 
the  true  center  of  the  hole.  As  the 
drill  runs  down,  making  a  conical 
hole  as  shown  in  Fig.  2,  any  tend- 
ency away  from  the  center  may 
be  observed  by  raising  the  drill  point  slightly  and  blowing  or 
brushing  away  the  chips.  If  the  outer  circle  made  by  the 
drill  is  not  concentric 
with  the  circle  of  punch 
marks,  the  drill  has  run 
off  from  the  desired 
center,  and  must  be 
brought  back.  A  draw- 
ing chisel,  shown  in  Fig.  3,  is  used  for  this  purpose.  This 
is  simply  a  narrow  round-nosed  chisel  with  which  the  metal 
is  cut  away  on  the  side  toward  which  the  drill  point  is  to  be 
drawn,  as  shown  in  Fig.  4.  The  cutting  should  be  done 
quite  near  the  center,  as  a  given  amount  of  metal 
removed  there  will  draw  the  drill  farther  than 
when  the  cutting  is  done  near  the  circumference. 
The  drill  is  again  lowered  and  the  result 
observed.  If  the  circle  should  not  be  concen- 
tric, the  chisel  is  again  used  and  the  drill  tried; 
this  operation  is  repeated  until  the  hole  coincides  exactly 
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Fig.  8. 


Fig.  4. 
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with  the  circle  when  the  drill  has  entered  to  its  full  diameter. 
The  punch  marks  are  cut  away  equally  all  around  the  cir- 
cumference when  the  drill  has  been  properly  started.  The 
drill  is  then  fed  through  the  piece,  or  to  the  desired  depth, 
either  by  hand  or  by  power,  and  when  the  cut  is  finished, 
it  is  backed  out  by  hand. 

5.  Advantages  of  Po^^vcr  Feed. — All  drill  presses  of 
the  heavier  types  should  be  so  constructed  that  either  hand 
or  power  feed  may  be  used  at  will.  In  light  work,  enough 
pressure  can  be  furnished  by  hand  to  cause  the  drill  to  cut 
to  its  full  capacity,  but  in  the  heavier  work  a  greater  pres- 
sure is  needed.  It  is  contended  by  some  that  the  average 
workman  will  accomplish  more  by  feeding  by  hand  than  by 
using  a  power  feed,  since  the  tendency  seems  to  be  to  set 
the  feed  at  its  finest  rate,  although  most  drill  presses  are 
provided  with  gearing  that  will  furnish  two  or  more  rates. 
This  is  the  fault  of  the  operator  and  not  of  the  method. 
The  power  feed  should  be  so  set  that  the  drill  will  work  up  to 
its  limit,  which  it  is  impossible  to  accomplish  with  a  hand  feed 
when  large  drills  are  used. 

The  power  feed  has  several  advantages  over  the  hand  feed 
for  all  sizes  of  drills.  With  a  hand  feed,  the  drill  will  leap 
forwards  as  the  point  emerges  from  the  material,  often 
causing  a  rough  hole  and  injury  to  the  drill.  The  same 
is  true  when  it  enters  a  blow  hole.  In  drilling  flanges,  the 
drill  frequently  breaks  through  on  one  side,  and,  when  the 
cutting  edges  stand  at  a  certain  angle,  the  drill  runs  forwards 
easily  and  the  next  instant  takes  a  heavy  cut  on  one  side 
only.  It  is  evident  that  this  condition  will  sooner  or  later 
result  in  an  injured  drill.  With  the  power  feed,  all  this  is 
avoided,  as  the  drill  has  a  fixed  rate  of  advance.  In  using 
the  power  feed,  care  must  be  taken  to  see  that  the  drill  is  in 
proper  working  condition. 

6.  Lread  Holes. — In  using  large  drills,  time  may  be 
saved  by  drilling  a  small  hole  at  the  center  for  the  entire 
depth  of  the  hole,  the  diameter  of  this  small  hole  being  made 
at  least  equal  to  the  length  of  the  scraping  edge  at  the  point 
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of  the  large  drill.  The  small  center  hole  is  called  a  lead 
bole.  This  hole  will  permit  all  the  pressure  to  come  on  the 
cutting  edges  proper,  and  all  the  power  ts 
applied  directly  to  removing  the  metal. 
The  drill  will  thus  cut  more  rapidly  than 
it  will  when  required  to  remove  the  metal 
from  before  its  center. 

When  the  large  drill  runs  out  of  center 

at  the  start,  it  is  necessary  to  draw  it  over 

nu.  D.  with  a  drawing   chisel.      In   this   case,  a 

groove  running  the  full  length  of  the  conical  surface  should 

be  cut  as  shown  in  Fig.  5. 

7.  Drilling  Deep  Holes.  —  In  drilling  deep  holes 
through  a  piece  of  work,  it  may  be  necessary  to  go  deeper 
than  the  length  of  the  flutes  in  the  drill  of 
the  required  size.  If  the  hole  is  not  too 
deep,  the  drill  may  be  backed  out  and  the 
hole  cleaned  at  short  intervals.  When 
the  hole  is  very  deep,  however,  time  may 
be  saved  by  running  the  drill  down  as  far 
as  the  chips  will  discharge,  then  drilling 
the  remaining  depth  with  a  smaller  drill, 
making  a  hole  as  shown  in  Fig.  (j.  The 
first  drill    is  then  put  back   into  the  ma-  P'"-"- 

chine  and  the  entire  hole  drilled  to  the  full  size. 

The  second  drill  must  be  small  enough  so  that  the  chips  can 
work  out  around  it,  but  must  not  be  so  small  that  the  chips 
made  by  the  larger  drill  that  follow.s  it  cannot  drop  out  freely 
at  the  bottom.  In  one  instance,  where  a  l|f-inch  hole  was 
drilled  through  86  inches  of  solid  cast  iron,  a  1^-inch  drill 
was  employed  to  drill  the  small  hole  and  gave  good  results. 


HEAMING. 

8.     Methods  of  ReaminK-— It  has  already  been  stated 
that  reaminfc  consists  of  truing  up  a  hole  by   means  of  a 
The  hole  has  been  previitusly  drilled  or  bored,  and, 
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as  it  is  a  matter  of  economy  to  do  as  much  work  as  possible 
at  the  same  setting,  the  reaming  is  often 
done  in  the  same  machine  that  was  used 
for  the  drilling  or  boring.  The  rough- 
ing reamer  is  usually  made  with  a  shank 
that  can  be  used  in  a  drill  press,  and  is 
run  at  a  slow  speed  and  fed  carefully  by 
hand.  For  very  accurate  work,  the 
reamer  should  be  operated  by  hand,  but 
may  be  guided  by  a  center  in  the  drill 
spindle,  as  shown  in  Fig.  7.  The  reamer  a 
is  turned  with  a  wrench  and  is  followed 
up  by  the  center  ^,  which  also  furnishes 
the  necessary  pressure.  fio.  7. 

9.  Care  Necessary  in  Reaming. — Reaming  should  be 
done  with  the  greatest  care.  Undue  forcing  of  the  reamer, 
any  side  pressure,  or  any  irregular  or  jerking  motion,  tends 
to  injure  both  the  reamer  and  the  hole.  A  very  steady  and 
comparatively  slow  motion  under  a  light  pressure  gives  the 
best  results.  In  some  cases,  the  weight  of  the  reamer  and 
the  wrench  is  sufficient  to  furnish  the  feed,  although  some 
additional  pressure  is  usually  necessary. 

1 0.  Macliliie  Reaming. — In  cases  where  a  large  num- 
ber of  holes  are  to  be  reamed,  it  is  done  with  one  reamer, 
operated  by  a  drill  press  and  fed  with  the  power  feed.  This 
should,  however,  be  done  only  in  cases  where  there  is  enough 
work  of  this  kind  to  enable  the  operator  to  know  exactly 
what  speed  and  feed  to  use,  and  to  set  his  machine  properly. 
The  holes,  too,  must  be  drilled  very  carefully,  in  order  that 
there  may  be  no  great  variation  in  the  duty  of  the  reamer. 


TAPPING* 

11.  Forms  of  Taps  Used. — The  forms  of  taps  used 
in  the  drilling  machine  are  the  same  as  those  used  in  the 
lathe,  except  that  in  the  former  the  shank  is  usually  made 
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with  a  standard  taper  or  other  form  adapted  for  drill  chucks 
or  sockets,  while  in  the  lathe  the  square-end  tap  is  used. 
The  devices  for  holding  taps  in  the  drilling  machines 
are  explained  in  Arts.  87  and  88,  Drilling  and  Boring, 
Part  1. 

In  ordinary  machine  tapping,  a  taper  tap  gives  the  best 
results.  When  the  thread  runs  through  the  material,  the 
tap  is  run  either  entirely  through  or  until  a  thread  of  the 
full  diameter  is  formed.  When  the  hole  does  not  run  through 
and  the  thread  must  run  as  near  the  bottom  as  possible,  the 
taper  tap  is  used  to  start  the  thread,  and  is  followed  by  a 
plug  and  bottoming  tap. 

1 2*  Speed  of  Spindle. — As  in  reaming,  the  speed  of 
the  spindle  must  be  slow,  and,  after  the  tap  is  started,  no 
pressure  should  be  put  upon  it  by  the  feeding  device.  The 
tap  should  be  perfectly  free  to  take  its  own  feed. 

13.     Correct    Size    of  Drilled    Hole.  —  It   is  a  very 

important  matter  in  tapping  that  the  hole  should  be  so 
drilled  that  a  full  thread  will  be  formed  without  removing 
an  excessive  amount  of  metal.  When  the  hole  is  drilled 
too  small,  it  is  very  hard  to  start  the  tap,  and,  when  it  is 
started,  the  work  is  so  heavy  that  the  tap  is  frequently  in- 
jured, while  the  amount  of  time  and  energy  required  is  far 
greater  than  is  necessary. 

It  is  claimed  by  some,  however,  that  the  hole  should  be 

ir  drilled  larger  for  cast  iron  than  for  wrought  iron  and  steel, 

and  that  a  thread  about  three-quarters   full  in  the  case  of 

cast  iron  is  stronger  than  a  full  thread,  owing  to  the  danger 

.  of  crushing  the  points  of  the  thread  and  perhaps  injuring 

the  tap  in  case  a  full  thread  is  attempted. 

A  hole  that  is  too  large  is  equally  objectionable,  as  the 
threads  will  not  be  of  the  full  depth,  and  will,  therefore, 
be  imperfect  and  weak.  The  tap  runs  very  easily,  how- 
ever, when  the  hole  is  large,  and  for  this  reason  there  is 
a  tendency  toward  making  it  large,  even  at  some  sacrifice 
in  the  strength  of  the  thread.     This  should,  however,  never 


§  12  DRILLING  AND  BORING.  7 

be  permitted,  as  the  perfect  form  of  the  thread  should  be 
maintained  under  all  conditions.  Tables  V  and  VI,  Art.  47, 
give  the  sizes  of  drills  to  be  used  for  taps  of  various  sizes. 


COUNTBR8INKING,  COUNTBRBORIIVG,  FACING,   AND 

CBNTBR   DRILLING. 

14*     Countersinking:,  counterborlnK,  and   facing: 

are  carried  on  very  much  as  ordinary  drilling.  The  tool  is 
inserted  in  the  drill  socket,  the  hole  brought  central  with 
the  spindle,  and  the  tool  is  fed  down  to  the  desired  depth. 
The  speed  should,  however,  be  reduced  to  a  suitable  point 
for  the  outside  diameter  of  the  cutting  edges  of  the  tool 
used.  Center  drilling  is  fully  considered  in  Art.  23, 
Lathe  Work^  Part  1,  and  Art.  29,  Drilling  and  Borings 
Part  2.  

LUBRICATING. 

1 5.  The  subject  of  lubrication  of  drills  has  already  been 
considered  in  Arts.  40  to  42,  Drilling  and  Borings  Part  1. 
The  same  conditions  with  regard  to  lubrication  that  have 
been  mentioned  exist  in  the  use  of  countersinks,  counterbores, 
facing  tools,  and  center  drills.  In  working  cast  iron  and 
brass  with  these  tools,  no  lubrication  is  necessary ;  in  fact, 
it  retards  the  work  in  the  case  of  cast  iron.  Wrought 
iron  and  steel,  however,  always  require  lubrication.  In 
reaming  and  tapping,  some  form  of  lubricant  should  beused 
with  all  metals. 

Usually,  the  lubricant  is  dropped  on  the  cutting  edges 
with  an  ordinary  oil  can,  but  in  multiple-spindle  machines, 
and  occasionally  in  single-spindle  machines,  a  tank,  with  a 
tube  leading  to  the  tool,  is  attached  to  the  machine  frame. 
The  flow  is  controlled  by  means  of  a  valve  in  the  tube.  A 
small  pump  carries  the  lubricant  from  the  table  of  the 
machine  back  to  the  tank,  thus  providing  a  means  of  using 
the  same  lubricant  over  and  over  again,  and  of  flooding 
the  cutting  edges  without  undue  waste  of  the  lubricating 
material. 
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DRILL  GRINDING. 

16.  Form  of  Drill  Point.— The  form  of  drill  point 

that  will  give  the  best  results  has  already  been  considered  in 
Drilling  and  Borings  Part  1.  It  is  very  important  that 
this  form  shall  be  maintained  whenever  the  drill  is  ground. 
The  drill  point  should  always  be  perfectly  symmetrical, 
and  when  cutting,  should  produce  similar  cuttings  on  each 
side. 

1 7,  Hand  Grinding. — To  grind  a  drill  by  hand  so  that 
the  above  conditions  may  be  fulfilled  requires  the  great- 
est skill  and  care.  Hand  Krlnding:  is  usually  done  by 
holding  the  tool  on  the  grinder  without  any  gauge,  and 
depending  only  on  the  eye  for  the  correct  cutting  and 
clearance  angles.  Sometimes  a  flat  drill  is  tested  by  press- 
ing the  one  cutting  edge  against  a  smooth  piece  of  wood, 
while  holding  the  drill  in  a  certain  position,  then  turning 
it  and  pressing  the  other  edge  on  the  same  mark,  still  main- 
taining the  same  position  of  the  shank.  If  the  two  marks 
coincide,  the  drill  is  supposed  to  be  well  ground.  The  accu- 
racy of  this  test  depends  entirely  on  the  skill  of  the  work- 
man, but  remarkably  good  results  are  often  obtained  in 
this  way. 

18*  Measuring:  the  Cutting  and  Clearance 
AngrleH  of  Twist  Drills. — The  test  given  above  is  not  a 
very  sure  one,  and  it  is  better  in  the  case  of  a  twist  drill 
to  use  a  gauge,  or  a  protractor,  set  at  the  required  angle, 
as  shown  in  Fig.  8  {a).  By  turning  the  drill  so  as  to  bring 
the  protractor  from  a  to  b^  the  clearance  angle  may  be 
observed,  and  in  this  way  the  two  sides  may  be  compared. 

Another  method  often  used  is  illustrated  in  Fig.  8  (^). 
The  point  of  the  drill  is  set  on  a  plane  surface  or  on  a 
straightedge,  and  a  scale  held  against  its  side,  as  shown. 
The  heights  of  the  corners  a  from  the  point  are  thus  meas- 
ured. If  the  two  sides  arc  alike,  the  drill  is  turned,  and  the 
heights  of  the  corners  b  are  measured,  thereby  determining 
whether  the  clearance  angles  are  equal.     The  scale  is  then 
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laid  along  the  cutting  edges,  and  if  all  three  correspond- 
ing measurements  agree  on  both  sides,  the  point  is  sym- 
metrical. 


19.     Ancle  and  I^cnctfa  of  ScraplUK  Edve. — The 

clearance  angle  determines  the  angle  of  the  line  a  b, 
Pig.  9  {a),  in  which  the  planes  of  the  clearance  faces  inter- 
sect. This  illustration  shows  about  the  correct  angle. 
When  the  angle  is  too  small,  as  in  Pig.  9  {b),  or  too  great, 
as  in  Fig.  9  (r),  the  drill  will  not  work  well. 


In  order  to  give  strength  to  the  drill,  the  center  is  made 
thicker  as  it  approaches  the  shank,  and  it  is  otivious  that  an 
the  cutting  edges  are  ground  back,  the  length  of  the  line  a  b. 
Fig.  9  (a),  increases.  When  this  increa-se  becomes  <i\t'y:i- 
tionable,  the  flutes  should  be  ground  out  until  the  pr^int  it 
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reduced  to  its  original  thickness.  In  this  operation,  care 
must  be  taken  not  to  change  the  shape  of  the  flute. 

20.  Machine  Grinding. — As  may  be  expected  from 
the  methods  employed,  hand  grinding  is  generally  not  satis- 
factory, and  machines  that  obviate  the  difficulties  met  with 
in  hand  grinding  have  been 
brought  into  very  general 
use.  The  machine  shown 
in  Fig.  10  may  be  taken 
as  a  fair  representative  of 
twist-drill  grinding  ma- 
chines. 

21.  T  wIst-Drlll 
Grlndlne  Machine  — 
The  grinding  wheel  a, 
which  is  rotated  by  means 
of  a  belt,  is  supported  on  a 
column  ^  at  a  convenient 
height  from  the  floor.  The 

Li>  I  drill  is  held  on  two  V-shaped 

Yr-~7A.  supports  c,  c  and   an  end 

Q^~^  rest  d,  all  of  which  are  held 

_^l      r  on  an  arm  e,  which  is  sup- 

ported in  a  bearingy,  about 
wjiosc  axis  the  arm  e  is  free 
to  swing.     The  bearing  / 
"'"■  '"■  is  supported  on  the  end  of 

the  arm  g  and  may  be  moved  nearer  or  farther  away  from  the 
wheel  a  by  sliding  the  arm  endwise  in  its  bearing,  while  it 
may  be  clamped  at  any  posilian. 

22.  Grlndlaut  Twist  I>rllls.— To  grind  the  drill,  it  is 
laid  UII  the  V's  r,  c  and  the  end  rest  d  is  adjusted  to  hold  the 
drill  near  the  wheel.  The  lip  of  the  drill  is  laid  against  a 
gauge  that  is  lii<lden  behind  tlie  upptT  V,  and  the  arm  e  is 
rotated  about  the  a.vis/.  The  drill  is  fed  slowly  toward  the 
wheel  by  turning  the  screw  h  until  the  drill  is  ground  to  the 
desired  edge. 
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23.  Form  of  Clearance  Face.  —  It  is  evident  from 
this  construction  that  the  metal  back  of  the  cutting  edge 
will  be  ground  away  in  the  form  of  an  arc  of  a  circle,  and 
not  in  a  plane  surface  as  in  hand  grinding.  This  has  been 
thought  objectionable,  but  the  use  of  these  machines  has 
demonstrated  that  if  the  radius  is  properly  adjusted  for  each 
size  of  drill,  the  arc  immediately  back  of  the  cutting  edge 
will  be  so  flat,  and  will  approximate  so  closely  to  a  plane,  that 
the  supporting  edge  is  practically  not  weakened.  As  the 
arc  runs  farther  away  from  the  cutting  edge,  it,  of  course, 
deviates  more  from  the  true  clearance  angle,  but  before  any 
deviation  is  noticeable,  the  arc  has  run  so  far  back  that  the 
support  of  the  cutting  edges  is  not  affected. 

24.  Length  of  Radius. — The  length  of  the  radius  is 
adjusted  by  moving  the  arm  g  in  or  out  of  the  bearing,  the 
position  being  determined  by  a  very  ingenious  little  device 
shown  at  /.  In  order  to  make  the  adjustment  for  the  drill, 
the  arm  g  is  loosened  and  drawn  out  a  short  distance.  The 
upp>er  V,  r,  is  then  loosened  and  moved  up  until  the  opening 
between  the  projection  /and  the  projection/ on  the  arm  c  just 
permits  the  drill  to  pass  through.  The  V  is  clamped  in  that 
position,  and  the  arm  g  is  again  moved  in  until  the  lip  gauge, 
already  mentioned,  just  clears  the  wheel.  The  end  rest  d 
is  then  set  to  the  proper  position,  and  the  drill  laid  on  the 
V*s  and  ground,  as  explained  above. 

These  adjustments  can  be  made  with  very  little  loss  of 
time,  and  a  perfectly  symmetrical  drill  point  is  assured.  It 
is  claimed  that  a  machine  of  this  type  will  grind  drills 
ranging  from  ^  inch  to  2^  inches  in  diameter. 


DRILLING    AND    BORING    JIGS    AND  FIXTURES. 


DRILLING  JIGS. 

25.  Drilling  Duplicate  Pieces.  —  Duplicate  pieces 
may  be  drilled  by  the  use  of  drilling:  Jifi:^.  A  drilling 
jig  is  a  device  or  fixture  that  may  be  temporarily  attached 
to  the  work,  and  acts  as  a  guide  for  the  drill  in  any  desired 
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position.  The  guiding  of  the  drill  is  accomplished  by  means 
of  steel  bushings  placed  over  the  positions  of  the  required 
holes.  It  is  obvious  that  in  this  way  a  large  amount  of  time 
otherwise  devoted  to  laying  out  may  be  saved,  and,  when 
the  jig  is  well  made,  a  degree  of  accuracy  may  be  attained 
that  is  impossible  by  any  other  means.  The  economy  of 
such  a  device  depends  on  the  number  of  pieces  to  be  drilled 
and  the  cost  of  the  jig. 

26.  Construction  of  Jia;.  — The  body  of  the  jig  is 
usually  made'  of  cast  iron,  but,  in  order  to  prevent  undue 

wear  of  the  holes,  hardened-steel 
bushings  d.  Fig.  13,  which  fit 
both  the  jig  and  the  drill  snugly, 
are  inserted.  These  bushings  are 
generally  made  with  a  shoulder, 
as  shown  in  Fig.  11,  and  with  the 
^"^  '^  inner  corner  slightly  rounded,  to 

avoid  injury  to  the  drill  when  entering.    Jigs  are  frequently 

used  from  both  sides,  the  bushings  being  set  as  shown  in 

Fig.  \%,  and  the  inside  corners  being  rounded  on  both  ends. 
In  drilling  two  adjacent  parts,  as, 

for  instance,  the  flange  and  head  of 

a  cylinder,  the  head  may  be  drilled 

first,  and  may  then  be  used  as  a  jig 

for    drilling    the    cylinder,    or    as    a 

templet     for     marking     the     holes 

When  a  large  number  of  duplicates 

are  to  be  made,  however,  it  is  better  to  use  a  jig  for  both 

the  cylinder  and  head. 

27.  J1(E  for  Drilling  Flanges  With  Regularly 
Spaced  Holes.  —  Fig. 
i:}  illustrates  a  flange  a 
and  a  jig  b  of  the  form 
that  is  very  generally 
used  for  this  class  of 
work.  A  lip  c  on  the 
circumference    fits    the 
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flange  and  holds  the  jig  central.  When  in  the  desired  posi- 
tion, a  clamp  is  applied  to  keep  the  jig  in  place  while  the 
drilling  is  being  done.  When  the  holes  are  equally  spaced 
on  the  same  circle,  and  the  adjoining  flange  or  head  is  of 
the  same  diameter,  it  may  be  drilled  with  the  same  jig, 
thus  insuring  a  continuous  hole  when  the  two  parts  are  put 
together. 

28.  Jiff  for  DrllUns:  Flanges  With  Irregularly 
Spaced  Holes. — When  the  holes  are  not  regularly  spaced, 
it  IS  evident  that  they 


n 


a 


1 


m 


-9^ 
b' 


T-T 

I     I 

JL-L 


6 


T — r 


cannot     be    drilled    by 

turning  the  jig  over,  as 

suggested  in  Art.  27; 

consequently,  it  is 

necessary  to   make  the 

jig  with  a  lip  on  each 

side  and  with  bushings 

set    in,    as    shown     in 

Fig.    14,  so  that  each  side  of  the  jig  will  fit  one   of  the 

adjacent  flanges.     It  is  evident  that  when  the  flange  a  is 
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FIO.  14. 


FIG.  15. 


drilled  with  the  side  a'  of  the  jig  against  it,  and  the  flange  b 
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with  the  side  V  against  it,  the  holes  in  the  two  flanges  will 
meet  perfectly,  however  irregularly  they  may  be  located. 

29.  Example  of  Drilling  Witli  Jig.— Fig.  15  shows, 
mounted  on  a  drilling-machine  table,  a  jig  for  drilling  the 
hub  and  hub  plate  of  a  locomotive  wheel,  in  which  the  holes 
are  not  regularly  spaced.  The  plate  a  is  supported  on  par- 
allels b  resting  on  the  table  c.  The  jig  d  has  a  lip  e  on  each 
side,  to  fit  the  bores  of  both  the  plate  and  the  wheel.  The 
set-in  bushings  are  shown  at  g,  A  single  clamp  f  holds  both 
jig  and  plate  in  place. 

30.  Outside  and  Inside  Jig. — Fig.  16  {a)  shows  a  jig 
used  in  drilling  two  parts,  one  of  which  has  a  projection  a 
which  must  fit  into  a  bored  hole  b  on  the  other.     The  jig  is 
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Fig.  16. 


made  with  a  counterbore  c  on  one  side,  which  will  fit  the 
projection  a,  and  a  projection  d  on  the  other  side  to  fit  the 
bore  h.  This  same  arrangement  may  be  used  in  drilling 
parts  of  different  sizes,  as,  for  instance,  a  manhole  and  its 
cover,  as  shown  in  Fig.  16  {b). 

31.  Jiffs  for  Irrcffular  Surfaces. — The  jigs  shown 
thus  far  are  intended  for  circular  pieces,  but  the  principle 
involved  may  be  ap[)licd  to  pieces  of  any  form,  with  either 
regular  or  irregular  surfaces.  Fig.  17  shows  a  right-hand 
and  left-hand  jig  used  in  drilling  j)arts  of  the  saddles  of  a 
vertical  boring  mill.  One  of  the  j)ie(X's  is  shown  at  a^  and  a 
number  of  them  are  piled  up  at  /'.     Two  of  these   pieces — 
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one  a  right-hand  c  and  one  a  left-hand  d — are  bolted  on 
the  flix>r  plate  of  a  radial  drill,  with  the  jigs  in  place  ready 
for  drilling.  AH  the  holes  in  the  two  pieces  are  drilled 
without  moving  either  piece.     The   upper   surface  of   the 
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saddle  being  uneven,  several  holes  are  required  on  the  level  e, 
and  others  on  the  level  f.  The  illustration  shows  how  the 
jig  is  formed  to  fit  the  uneven  surfaces. 

For  holes  that  are  to  be  reamed,  two  bushings  are  pro- 
vided, one  for  the  drill  and  the  other  for  the  reamer.  The 
drilling  bushing  is  made  smaller  than  that  for  the  reamer, 
the  difference  in  their  diameters  being  equal  to  the  allow- 
ance  for  reaming. 


BORING    FIXTURES. 

32<     Fixture  for  Borlnic  Duplex  Pump  Cylinders. 

Fig.  18  shows  a  Hxture  that  produces  practically  the  same 
result  as  a  jig.  Although  it  does  not  form  a  positive  guide 
for  the  boring  tool,  it  so  holds  the  work  as  to  properly  locate 
the  holes.  It  is  a  device  for  holding  a  pair  of  pump  cylin- 
ders while  they  are  being  bored  in  a  double-head  machine, 
which  is  also  double-ended,  boring  the  four  cylinders  at  the 
same  time.     The  cutters  at  the  two  ends  of  the  machine 
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rotate  in  opposite  directions,  thus  lessening  the  tendency  to 
move.  In  Fig.  18  a  shows  the  device  empty,  while  d  shows 
a  pair  of  cylinders  mounted  in  the  machine.  The  cylinders 
rest  on  a  pair  of  cross-bars  c,  c  supported  on  four  adjusting 
screws.  The  end  adjustment  is  made  by  means  of  a  screw  d 
at  each  end,  only  one  of  which  is  seen,  while  the  side  adjust- 
ment is  made  by  means  of  the  four  screws  e,  e,  e,  e.  The 
fixture  is  set  on  the  table,  as  shown,  the  two  tongues  f,  f 


fitting  into  corresponding  slot-s,  to  prevent  any  slipping  and 
to  insure  perfect  alinenient  on  the  table.  The  fixture  is 
clamped  on  the  table  by  inenns  of  the  bolts^,  g.  When  the 
cylinders  are  in  place,  and  the  .adjusting  screws  are  set  up 
tightly,  the  cylinders  are  held  securely  by  means  of  the 
clamps  k,  h.  The  illustration  shows  a  roughing  cutter  ( 
just  entering  the  cylinder  and  a  pair  of  finishing  cutters  _;',_;' 
lying  on  the  top  of  the  machine. 

33.  Special  BorliiK  Fixture. — Fig.  19  illustrates  a 
special  fixture  for  boring  the  connecting-rod-pin  hole  of  a 
gas-engine  piston.  The  piston  a  is  held  between  the  two 
V-shaped  castings  b  andr.     Theonecastingt  is  bolted  firmly 
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against  the  side  of  the  rest,  as  shown,  while  the  other  cast- 
ing b  is  loose.  The  piston  is  placed  between  the  V's,  as 
shown,  and  when  set  in  its  correct  position,  b  is  drawn  up 
against  it  by  the  two  end  bolts  d^  and  the  clamping  bolts  e 
are  tightened.     The  boring  bar /"is  then  passed  through  the 
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V's  and  the  piston,  and  the  holes  are  bored  in  the  usual  way. 
This  arrangement  insures  a  hole  that  is  perfectly  central 
and  square  with  the  piston.  For  larger  pistons,  a  single  V 
is  used  in  a  larger  lathe,  the  piston  being  simply  clamped 
against  it.  A  fixture  like  this  can  be  employed  on  either  a 
lathe  or  a  boring  mill. 


DSILLING  AND  BORING  LOCOMOTIVE  CONNBCTING-RODS. 

34.  In  drilling  and  boring  the  ends  of  locomotive  con- 
necting-rods and  similar  work,  a  machine  with  two  heads 
supported  on  a  common  cross-rail,  so  that  the  spindles  may 
be  set  at  any  position  along  the  cross-rail,  is  frequently 
employed. 

Fig.  20  shows  the  table  of  such  a  machine  with  a  parallel 
rod  a  fastened  upon  it.  In  the  illustration,  the  one  spindle 
is  fitted  with  a  drill  b  to  form  a  guide  hole  for  the  pin  /of 
the  annular  cutter,  while  the  other  spindle  is  equipped  with 
an  annular  cutter  c,  as  described  in  Art.  36,  Drilling  and 
Barings  Part  1,  with  two  tools  ^,  e  to  remove  the  body  of 
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the  metal  from  the  hole,  the  hole  having  previously  been 
formed  for  the  center  piny.  The  hole  formed  by  the  annu- 
lar cutter  is  finished 
with  the  reamer  d, 
which  is  of  the  in- 
serted-tooth  type. 
The  holes  in  the 
reamer  are  made 
simply  to  reduce  the 
weight.  The  piece 
is  held  on  the  table 
by  means  of  two 
clamps^ and  A,  the 
end  i  being  laid  flat 
on  the  surface  and 
the  endy  resting  on 
a  parallel  k,  which 
is  equal  in  thickness 
to  the  vertital  dis- 
tance between  the 
two  lower  faces. 

35.  Circular 
parallels  /  of  differ- 
ent thicknesses  are 

often  used  In  block- 
ing up  the  ends  of 
the  rod,  each  size 
of  rod  having  Its 
own  set  of  parallels. 
The  inside  diameter 
of  the  parallel  is 
somewhat  greater 
than  the  diameter  of 
the  corresponding 
hole  in  the  rod,  in 
1  order  that  the  sup- 

port may  not  be  affected  when  the  block  of  metal  is  removed. 
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FIXTUBBS  FOR  SUPPORTING   AND  ROXAXING  WORK. 

36.  V  Supports. — Fig.  21  shows  a.  very  useful  device 
for  drilling  cylinders.  Two  pedestals  u  of  a  suitable  height 
are  placed  on  the  base  of  the  drilling  machine  at  a  sufficient 
distance  apart  to  accommodate  the  work  to  be  drilled.  Two 
V-shaped  bearings  i  are  placed  on  the  pedestals,  and  are  so 
lined  up  that  the  center  of  a  shaft  lying  on  them  will  lie  in 


the  center  lines  of  the  drill  spindles.  The  drills  will,  there- 
fore, always  drill  radial  holes  in  a  cylinder  whose  shaft  rests 
on  these  V's  and  it  is  necessary  simply  to  lay  out  the  holes, 
drop  the  cylinder  with  its  shaft  in  place,  adjust  the  drill 
spindles  to  the  right  distance  apart,  and  drill  in  circles 
about  the  cylinder,  as  indicated  by  the  rows  of  holes  shown, 
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the  cylinder  being  turned  on  the  V's  until  each  successive 
set  of  holes  comes  under  the  drills.  The  cylinder  is  kept 
from  working  endwise  by  the  bar  c,  which  is  set  against  the 
hub  and  clamped  to  the  pedestal.  The  cylinder  shown  in 
this  illustration  is  a  crushing  roll  for  anthracite  coal. 
When  the  holes  are  drilled,  they  must  be  reamed  before  the 
teeth  are  inserted. 

37.  Roller  Supports. — Fig.  22  illustrates  a  roll  set  up 
ready  for  reaming  in  a  radial  drill.  It  is  supported  on  four 
rollers  a,  held  in  two  frames  d,  d,  one  at  each  end  of  the  roll. 
The  first  row  of  holes  is  adjusted  vertically  above  the  axis 


of  the  roil  by  means  of  a  surface  gauge,  with  which  a  set  of 
holes  on  opposite  sides  of  the  center  are  brought  an  equal 
distance  from  the  floor.  When  this  adjustment  has  been 
made,  a  pin  b  is  inserted  in  a  hole  about  the  height  of  the 
center  line,  and  a  block  ^  is  so  fitted  that  the  pin  rests  on  it. 
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This  acts  as  a  stop  to  prevent  the  roll  from  turning.  When 
one  row  of  holes  is  reamed,  the  pin  is  moved  down  one  row 
and  then  brought  up  by  turning  the  roll  until  it  again  rests 
on  the  block,  thus  furnishing  a  very  simple  means  for 
adjusting  each  successive  row. 

38.  Heavy  Centers. — Fig.  23  shows  a  very  good  device 
for  holding  heavy  parts  with  circular  ends,  such  as  pump 
chainbcrs,  under  a  radial  drill.  Two  uprights  a,  a,  with 
t\Fo  cones  d,  b,  provided  with  roller  bearings,  support  the 
*»rlc,  the  cones  entering  the  ends  of  the  work,  as  shown.  A 
*"o<l  f  passing  through  the  center  of  the  cones  and  the  cast- 
'"8^  keeps  the  uprights  from  spreading.  The  piece  is  set  in 
'he  correct  position  for  drilling  one  set  of  flanges,  the  tie- 
'""  ^  is  tightened,  and  all  the  holes  in  this  plane  are  then 


^riUed.  The  rod  is  then  loosened  slightly,  and  the  piece 
'^rned  until  another  set  of  holes  comes  into  position,  whenc 
'*  again  tightened,  and  the  drilling  on  this  face  is  performed. 
1  his  operation  is  repeated  until  all  the  holes  are  drilled. 
The  rollers  in  the  hub  d  reduce  the  friction  of  the  bearings 
*'  'hat  heavy  pieces  may  be  turned  with  comparative  ease. 
When  any  regular  series  of  spaces  is  required,  a  special 
">dtxinay  be  attached  at  one  end,  to  facilitate  the  setting. 
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39.  Double  Face  Plate. — A  double  face  plate,  for  the 
purpose  of  supporting  work  that  has  faced  circular  flanges 
with  regularly  spaced  bolt 
holes,  is  shown  in  Fig.  24. 
Two  face  plates  a  and  6 
e  supported  by  means  of 
i  a  bearing  on  each  side  of 
the  bracket  c,  which  may 
be  clamped  on  the  floor 
plate  of  a  drilling  machine. 
The  flanged  piece  d,  which 
i  to  be  drilled  and  faced 
at  f,/,  and  g,  and  at  corre- 
I  spending  points  opposite  t 
and  /,  is  attached  to  the 
face  plate  by  means  of 
three  arms  /i,  bolted  to  the  plate  by  bolts  i,  and  to  the 
flanges  by  bolts  j. 

The  face  plates  are  rotated  to  the  right  position  for  drilling, 
where  they  are  held  in  place- by  the  latch  k,  which  enters 
notches  in  the  plates.  By  placing  notches  at  proper  points, 
holes  may  be  drilled  at  any  angle.  In  the  piece  shown,  the 
holes  are  drilled  at  right  angles  to  each  other,  and  the  face 
plates  are  held  in  position  by  the  notches  at  -t  and  /.  The 
plates  are  rotated  by  means  of  bars  inserted  in  a  series  of 
holes  tn,  n,  o,  etc.  about  the  circumference. 


40.  The  illustration  shows  only  one  piece  attached  to 
the  plate  a.  In  doing  work,  ordinarily,  another  piece  is 
attached  to  the  plate  b,  thereby  balancing  the  device  so  as 
to  prevent  springing  the  bracket  c,  or  cramping  while  turn- 
ing to  a  new  position.  This  also  ]>ermits  twice  as  many 
holes  to  be  drilled  without  moving  the  face  plate  as  when 
only  one  piece  is  attached,  while  the  service  of  the  power 
crane  is  required  only  one-half  as  often. 

The  face  plates  may  be  made  to  take  pieces  of  various 
sizes  by  moving  the  arms  h  to  suitable  positions.  A  series  of 
holes  ^for  the  bolts  i  are  provided  in  the  face  plates  shown, 
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to  accommodate  pieces  of  different  sizes.  A  large  variety 
of  work  may  be  supported  in  this  way  by  means  of  suitable 
arms.  A  key  s  under  each  arm,  which  fits  into  a  corre- 
sponding keyway,  as  shown  at  7,  together  with  the  bolt  i, 
locates  the  arm  positively.  When  the  piece  is  enough  out 
of  balance  to  prevent  turning  it,  counterweights  may  be 
attached  to  the  face  plates,  as  in  balancing  work  in  the  lathe. 

41>  Trunalon  Supports. — Fig.  35  shows  a  fixture  of 
this  classfor  drilling  duplex  pump  cylinders.  The  cylinders 
a,  6  are  held  by  means  of  two  plates  c,  which,  on  one  side, 
have  projections  entering  the  ends  of  the  cylinders,"  and,  on 
the  other    side,   trunnions  rf    which    rest  on   V's   on   the 


uprights  f,  e  of  the  frame  of  the  fixture.  Bolts  y,  /  hold 
the  plates  c  in  place  and  form  guides  for  the  jig  g,  by 
means  of  which  holes  are  drilled  in  the  hubs  //and  /.  When 
the  fixture  is  in  position  for  drilling,  the  trunnions  are  fast- 
ened by  means  of  the  clamps  n. 

The  illustration  shows  the  bushing  _/'  and  the  drill  /■  in 
place,  ready  to  drill  the  hole.     The  hub  i  is  supported  on  the 
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lower  side  by  a 'piece  of  pipe  /.  When  both  the  hubs  //  and  i 
are  drilled,  the  ]\g  g  is  moved  away  from  the  hubs  in  the 
direction  of  the  arrow  m,  and  the  ends  of  the  hubs  are  faced 
by  means  of  a  double-end  cutter.  The  clamp  n  is  then 
loosened  and  the  cylinders  turned  on  the  trunnions  d  to  the 
next  position  to  be  drilled.  The  four  holes  ^,  o^  o^  o  are 
drilled  by  means  of  the  jig  /,  which  is  lying  on  the  floor, 
while  the  four  holes  ^,  q^  q,  q  are  drilled  with  the  jig  s 
attached  as  shown.  These  cylinders  haye  holes  to  be  drilled 
on  four  sides,  and  must  be  set  in  as  many  positions.  When 
the  piece  is  once  set  up  for  one  position,  it  is  a  simple 
matter  to  move  it  to  any  of  the  other  positions.  Screw 
jacks  r  are  used  in  adjusting  and  holding  the  work.  The 
piece  may  be  set  in  position  by  means  of  a"  square  or  level. 


MISCELLANEOUS   TOOLS    AND  FIXTURES. 


TREPANNING  DRILL. 

42.  Fig.  20  illustrates  a  special  hollow  drill  designed  for 
the  purpose  of  removing  test  bars  from  a  solid  piece.  The 
drill  is  run  into  the  metal  as  far  as  the  central  core  will 
permit,  when  it  is  withdrawn  and,  at  a  point  that  will  cut  off 
the  core  at  the  bottom,  a  hole  is  drilled  at  right  angles  to  it 


Fig.  86. 

with  an  ordinary  twist  drill.  The  core  is  then  taken  out  and 
turned  up  to  the  proper  dimensions  for  testing  purposes. 
The  point  a  of  this  form  of  trepanning  drill  can  easily  be 
removed  from  time  to  time,  at  small  expense.  It  is  made  of 
hardened  steel  and  is  screwed  to  a  soft-steel  body  b. 
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HUBBING  TOOL. 

43.  A  very  useful  tiubblns:  tool  is  shown  in  Fig.  27. 
A  hub  a  of  the  piece  b  is  to  be  finished  as  shown  at  c.  The 
tool  with  which  this  is  done  consists  of  a  center  bar  d,  which 
fits  the  bore  of  the  hub,  and  a  tool  e  supported  on  the  arm/. 


Fig.  27. 

As  the  tool  is  rotated  about  the  center  of  the  pin,  it  cuts  a 
perfect  circle.  The  device  is  attached  to  the  spindley  of  a 
heavy  drilling  machine,  the  work  being  fastened  upon  the 
table.  The  radius  at  which  the  tool  cuts  is  regulated  by  the 
adjusting  screw  g  and  a  clamp  h  i. 


SPECIAL  BXTBN8I01V   ARMS  FOR   VBRTICAL   BORING- 

MILL  TABLB. 

44.  On  a  boring  mill  it  is  necessary  at  times  to 
turn  work  that  is  larger  in  diameter  than  the  boring-mill 
table.  Fig.  18,  Drilling  and  Boring,  Part  2,  shows  how 
such  a  piece  may  be  carried  by  means  of  extension  arms. 
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There  are,  however,  cases  where  the  extension  arms  must 
project  so  far  beyond  the  edge  of  the  table,  and  where  the 
weight  is  concentrated  so  near  the  end,  that  additional  sup- 
port is  needed  to  prevent  objectionable  springing.     Fig.  28 


suggests  a  means  of  providing  such  support  when  the  center 
of  the  piece  is  open,  as  in  the  case  shown.  The  table  n  of 
the  boring  mill  is  of  the  ordinary  tyjie,  with  radial  slots. 
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The  extension  arms  b  are  bolted  to  the  table  in  the  ordinary 
way.  At  the  center  of  the  table  a  pillar  r,  with  a  flanged 
foot  that  is  bolted  to  the  table,  furnishes  the  upper  support 
for  diagonal  tie-rods  d  whose  lower  ends  are  bolted  to  the 
arms,  thus  forming  an  additional  support.  Turnbuckles  c 
in  the  tie-rods  permit  the  arms  to  be  adjusted  approxi- 
mately level,  after  which  a  light  surface  cut  may  be  taken 
to  true  them  up  perfectly.  The  piece  may  then  be  fastened 
in  any  convenient  way  that  its  shape  will  permit,  and 
turned  up. 

This  is  a  comparatively  inexpensive  and  very  efficient  shop 
expedient,  which,  however,  may  or  may  not  be  a  means  of 
economy,  depending  on  the  number  of  pieces  for  which  it 
can  be  used  and  the  cost  of  having  the  work  done  in  a  shop 
equipped  for  it.  Shop  expedients  are  frequently  resorted  to 
when  the  work  could  have  been  done  outside  more  cheaply. 
Great  caution  should  be  exercised  in  the  construction  of 
shop  expedients,  in  order  that  true  economy  may  be  prac- 
ticed. 


FIXTCRB9  FOR  TfJRNITIG  8PHBRICAL.  HURFACB. 

45.  A  special  fixture  for  turning  a  spherical  surface  on 
a  vertical  boring  mill  is  shown  in  Fig.  29,  an  ordinary  verti- 
cal boring  mill  being  used.  The  machine  has  two  saddles. 
One  of  them  a  has  bolted  to  it  a  bracket  c^  which  carries  a 
pin  d^  around  which  swings  the  link  e.  The  saddle  is  so 
clamped  to  the  cross-rail  that  the  point  d  lies  in  a  vertical 
line  forming  the  axis  of  rotation  of  the  table.  The  other 
saddle  b  is  detached  from  the  cross-feed  screw  in  the  cross- 
rail,  and  is  free  to  move.  A  bracket  /*,  having  a  roller  on 
each  end  that  bears  on  the  cross-rail,  is  attached  to  the 
saddle  so  as  to  carry  its  weight,  thus  reducing  the  friction 
and  providing  a  free  motion  along  the  rail.  The  boring 
bar  ^  has  an  arm  h  attached  near  its  upper  end,  which  car- 
ries the  fnlcmm  /of  the  link  e.  The  link  e  continues  to  a 
pointy,  where  a  vertical  link  k  is  pivoted.  At  the  lower  end,  k 
takes  hold  of  the  lever  /  at  m.     The  lever  /  is  pivoted  at  n 
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on  an  arm  o  attached  to  the  bottom  of  the  boring  bar,  and 
at  its  end  carries  the  tool/. 

46.  The  piece  q  to  be  turned  is  fastened  centrally  upon 
the  table  r  of  the  boring  mill.  It  will  be  seen  that  if  the 
links  are  properly  proportioned,  a  parallel  motion  is  obr 
tained,  and  the  tool  travels  in  an  arc  of  a  circle  about  the 
center  of  a  sphere,  and  will  turn  a  true  sphere  when  the 


table  is  rotated  and  the  boring  bar  is  fed  down.  In  order 
to  accomplish  this,  the  length  of  the  link  k  and  the  vertical 
distance  between  the  pivots  /and  n  must  both  be  equal  to 
the  vertical  distance  between  the  center  of  the  sphere  to  be 
turned  and  the  pivot  d\  the  distance  di  must  be  equal  to 
the  distance  from  the  center  of  the  sphere  to  the  pivot  M, 
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that  is,  the  sum  of  the  radius  of  the  sphere  and  the  distance 
of  the  tool  point  from  its  pivot  «,  and  the  distance  ij  must 
be  equal  to  the  distance  n  m. 

As  the  bar  g  is  fed  up,  the  saddle  b  will  travel  toward 
the  center  when  turning  the  upper  half  of  the  sphere,  in 
order  to  permit  the  point  /  to  swing  about  its  center  d^ 
and  the  point  n  travels  in  an  arc  of  the  same  radius  about 
the  center  of  the  sphere.  As  the  bar  g  moves  down  from 
the  center  of  the  sphere  ^,  the  saddle  b  will  again  travel 
toward  the  center  of  rotation. 

It  is  obvious  that  if  the  distance  d  i  is  made  equal  to  the 
sum  of  the  required  radius  of  the  sphere  and  the  distance 
from  the  tool  point  to  the  pivot  w,  the  tool  will  form  a  per- 
fect sphere  of  the  required  radius.  It  is  evident,  too,  that 
the  center  line  of  the  link  n  in  will  always  point  to  the 
center  of  the  sphere,  and  the  tool  will  cut  at  the  same  point, 
as  it  travels  along.  In  this  work,  a  narrow,  round-nosed  tool 
is  used  with  a  comparatively  light  feed,  so  as  to  insure  a 
smooth  surface. 


TABLES. 


47.  The  following  tables  are  reprinted  from  the  publi- 
cations of  the  manufacturers  whose  names  appear  at  the 
head  of  each. 

Tables  I  and  II  give  actual  dimensions  of  Morse  tapers 
and  taper  shanks.  Table  I  gives  dimensions  relating  to  the 
taper  of  the  shank  and  the  thickness  of  the  tang.  In 
Table  II,  Figs,  (a)  and  {b)  refer  to  the  taper  of  the  socket 
alone,  while  (r)  and  {d)  refer  to  the  shank,  the  tang,  the 
slot,  and  the  key.  Dimension  C  of  Table  I  must  not  be 
confused  with  d  of  Table  II;  C,  Table  I,  is  to  be  used  in 
forming  the  taper  only,  while  d  is  the  width  of  the  par- 
allel end  of  the  tang,  which  is  somewhat  smaller  than  the 
small  end  of  the  taper. 

Table  III  deals  with  the  speed  of  drills  of  sizes  ranging 
from  -^  inch  to  2  inches  in  diameter,  working  in  soft 
steel,  iron,  and  brass.     It  will  be  observed  that  the  speed 
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recommended  for  iron  is  somewhat  higher,  and  the  speed 
for  brass  about  twice  as  high,  as  that  for  soft  steel. 

The  data  preceding  Table  III  has  reference  to  the  feeds  of 
drills  and  the  necessity  of  using  lubricants  when  drilling  in 
steel  and  wrought  and  malleable  iron. 

Table  IV  shows  the  number  of  revolutions  necessary  to 
give  a  cutting  speed  of  a  certain  number  of  feet  per  minute 
for  drills  of  various  diameters.  This  table  is  applicable  to 
any  tool  traveling  along  a  circular  path. 

Tables  V  and  VI  give  the  diameters  of  drills  for  taps  of 
different  diameters  for  V,  U.  S.  Standard,  Whitworth,  and 
pipe  threads. 

The  decimal  equivalents  of  the  numbers  of  the  twist-drill 
and  steel-wire  gauge  are  given  in  Table  VI  of  Measuring 
Instruments, 

TABLE  I. 


MORSB  TAPBR  SHANKS. 

(From  Morse  Twist  Drill  and  Machine  Comfiany.) 

jr 


No. 


1 
2 
3 

4 
5 
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8 
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i 
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in 
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.630 
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THB  SPBBD  AND  FBBD  OP  DRILLS. 

{From  Cleveland  Twist  Drill  Company.) 

This  table  has  been  compiled  from  memoranda  furnished  us,  at  our 
request,  by  about  500  of  the  best  known  and  most  successful  manu- 
facturers in  this  country.  We  believe  that  these  speeds  should  not  be 
exceeded  under  ordinary  circumstances.  A  feed  of  1  inch  in  from  95  to 
125  revolutions  is  all  that  should  be  required  according  to  the  size  of 
the  drill.  At  these  speeds  it  will  be  necessary  to  use  plenty  of  oil,  or 
a  solution  of  oil,  potash,  and  water,  when  drilling  steel,  wrought,  or 
malleable  iron. 

It  is  based  on  a  speed  of  periphery  of  the  drill  of  30  feet  per  minute 
for  steel,  35  feet  per  minute  for  iron,  and  60  feet  per  minute  for  brass. 
It  will  be  found  advisable  to  vary  the  speed  given  in  the  table  some- 
what, according  as  the  material  to  be  drilled  is  more  or  less  refractory. 


Diameter 

Speed 

Speed 

Speed 

Diameter 

Speed 

Speed 

Speed 

of 

for  Soft 

for 

for 

of 

for  Soft 

for 

for 

DrilL 

Steel. 

Iron. 

Brass 

Drill. 

Steel. 

Iron. 

Bra.ss. 

iV 

1,824 

2,128 

3,648 

ItV 

108 

125 

215 

i 

912 

1,064 

1,824 

H 

102 

118 

203 

A 

608 

710 

1,216 

IfV 

96 

112 

192 

i 

456 

532 

912 

li 

91 

106 

182 

A 

365 

425 

730 

lA 

87 

101 

174 

f 

304 

355 

608 

If 

83 

97 

165 

-h 

260 

304 

520 

lA 

80 

93 

159 

\ 

228 

266 

456 

U 

76 

89 

152 

0 

203 

236 

405 

llV 

73 

85 

145 

f 

182 

213 

365 

If 

70 

82 

140 

H 

166 

194 

332 

IH 

68 

79 

135 

* 

152 

177 

304 

IJ 

^^ 

76 

130 

H 

140 

164 

280 

iH 

63 

73 

125 

\ 

130 

152 

1    260 

u 

60 

71 

122 

H 

122 

142 

:    243 

111 

59 

69 

118 

1 

114 

133 

228 

1 

2 

1 

57 

67 

114 
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CUTTING   SPBBDS. 

{From  Beaman  &*  Smt'th.) 


Feet  per 
Minute. 

5 

lO 

15 

20 

25 

30 

35 

40 

45 

50 

Diam. 

Revolutions  per  Minute. 

\ 
I 
f 
i 

1 

H 
U 
If 
li 
U 
U 
1* 

2 

^ 

2f 
8 

3i 
4 

5 

5* 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


38.2 

76.4 

30.6 

61.2 

25.4 

60.8 

21.8 

43.6 

19.1 

38.2 

17.0 

34.0 

15.3 

30.6 

13.9 

27.8 

13.7 

25.4 

11.8 

23.5 

10.9 

21.8 

10.2 

20.4 

9.6 

19.1 

8.5 

17.0 

7.6 

15.3 

6.9 

13.9 

6.4 

12.7 

5.5 

10.9 

4.8 

9.6 

4.2 

8.5 

8.8 

7.6 

8.5 

6.9 

8.2 

6.4 

2.7 

5.5 

2.4 

4.8 

2.1 

4.2 

1.9 

3.8 

1.7 

3.5 

1.6 

3.2 

1.5 

2  9 

1.4 

2.7 

1.3 

2.5 

1.2 

2.4 

1.1 

2.2 

1.1 

2.1 

1.0 

2.0 

1.0 

1.9 

.9 

1.8 

.9 

1.7 

.8 

1.7 

.8 

1.6 

.8 

1.5 

.7 

1.5 

.7 

1.4 

.7 

1.4 

.7 

1.3 

.6 

1.8 

114.6 

91.8 

76.3 

65.5 

57.3 

51.0 

45.8 

41.7 

38.2 

35.0 

82.7 

30.6 

28.7 

25.4 

22.9 

20 .« 

19.1 

16.4 

14.3 

12.7 

11.5 

10.4 

9.6 

8.1 

7.2 

6.4 

5.7 

5.2 

4.8 

4.4 

4.1 

3.8 

3.6 

3.4 

3.2 

3.0 

2.9 

2.7 

2.6 

2.5 

2.4 

2.3 

2.2 

2.1 

2.0 

2.0 

1.9 


152.9 

122.5 

101.7 

87.3 

76.4 

68.0 

61.2 

55.6 

50.8 

47.0 

43.6 

40.7 

38.2 

34.0 

80.6 

27.8 

25.5 

21.8 

19.1 

16.9 

15.3 

13.9 

12.7 

10.9 

9.6 

8.5 

7.6 

6.9 

6.4 

5.9 

5.5 

5.1 

4.8 

4.5 

4.2 

4.0 

3.8 

3.6 

3.5 

3.3 

3.2 

3.1" 

2.9 

2.8, 

2.7 

2.6; 

2.5, 


191.1 

158.1 

127.1 

109.1 

95.5 

85.0 

76.3 

69.5 

68.7 

58.8 

54.5 

50.9 

47.8 

42.4 

88.2 

34.7 

31.8 

27.3 

28.9 

21.2 

19.1 

17.4 

15.9 

13.6 

11.9 

10.6 

9.6 

8.7 

8.0 

7.8 

6.8 

6.4 

6.0 

5.6 

5.3 

5.0 

4.8 

4.5 

4.3 

4.1 

4.0 

3.8 

3.7 

8.5 

8  4 

8.8 

8.2 


4 

4 


229.8 

183.7 

152.5 

180.9 

114.6 

102.0 

91.8 

83.8 

76.8 

70.5 

65.5 

61.1 

57.8 

51.0 

45.8 

41.7 

38.2 

32.7 

28 

25 

22.9 

20.8 

19.1 

16.4 

14.8 

12.7 

11.5 

10.4 

9.6 

8.8 

8.1 

7.6 

7.2 

6.7 

6.4 

6.0 

5.7 

5  5 

5.2 

5.0 

4.8 

4.6 

4.4 

4.2 

4.1 

4.0. 


8.8 


I 


267.5 

214.8 

178.0 

152.7 

188.8 

119.0 

100.9 

97.2 

89.2 

82.2 

76.4 

71.8 

66.9 

59.4 

58.5 

48.6 

44.6 

88.2 

88.4 

29.6 

26.7 

24.8 

22 . 8 

19.1 

16.7 

14.9 

18.4 
io  o 

11. 1 
10.8 
9.6 
8.9 
8.4 
7.9 
7.4 
7.0 
6.7 
6.4 
6.1 
5.8 
5.6 
5.8 
5.1 
5.0; 
4.8l 
4.61 
4  5' 


305.7 

244.9 

208.4 

174.5 

152.9 

186.0 

122.5 

111.1 

101.7 

98.9 

87.8 

81.5 

76.4 

68.0 

61.2 

55.6 

51.0 

48.6 

88.2 

84.0 

80.6 

27.8 

25.5 

21.8 

19.1 

17.0 

15.3 

13.9 

12.7 

11.8 

10.9 

10.2 

9.6 

9.0 

8.5 

8.0 

7.6 

7.8 

6.9 

6.6 

6.4 

6.1 

5.9 

5.7 

5.5! 

5.8 

5.1 


] 


844.0 

275.5 

228.8 

196.8 

172.0 

158.0 

187.4 

125.0 

114.6 

105.7 

98.2 

91.9 

86.0 

76.2 

68.8 

62.5 

57.8 

49.1 

48.0 

38.1 

34.4 

81.8 

28.7 

24.6 

21.1 

19.1 

17.2 

15.6 

14.8 

18.2 

12.8 

11.5 

10.7 

10.1 

9.6 

9.1 

8.6 

8.1 

7.8 

7.5 

7.2 

6.9 

6.6 

6.4 

6.1 

5.9 

5.7 


4 
2 

,7 


882.2 

306.1 

254.2 

218.9 

191.1 

170.0 

153.1 

188.9 

127.1 

117.4 

109.1 

101.9 

95.5 

85.0 

76.3 

69.5 

63.7 

54.5 

47.8 

42 

88 

84 

81.8 

27.8 

28.9 

21.2 

19.1 

17.4 

15.9 

14.7 

18.6 

12.7 

11.9 

11.2 

10.6 

10.1 

9.6 

9.1 

8.7 

8.8 

8.0 

7.6 

7.8 

7.1 

6  8 

6.6 
6.4 


TABLE  V. 


TAP    DRI(.(.S. 

{From  New  Procea  Twin  Drill  Company.) 
The  following  table  shows  the  different  sizes  of  drills  that  shi 
be  used  when  a  luU  thread  is  to  be  tapped.     The  sizes  given  are  p 


DlaniQK^r 

of  Tap. 

Tlireada  to  Inch. 

V  Thread,        'u.  B.S.ThrcBd 

wurth  Thn 

J, 

16   18  30 

A  A  ii 

ft 

, 

16  18  20 

A 

1  li 

5 

16   18 
18   IB 

A 

i 

H 

14    IB   18 

\t 

A 

A 

ij 

14    16    IH 

t'- 

14    18 

1 

H 

U 

i 

14    18 

I 

12    13   14 

1} 

il 

< 

1 

13    13   14 

ft 

12    14 

i 

13   14 

10   11    12 

i 

i 

1 

10  11    13 

11  12 

\ 

.*« 

11  la 

4 

rl 

10   U    13 

il 

* 

i 

i 

1 

10   11    13 

10 

10 

A  H 

! 

0   10 

li 

!! 

H 

% 

0   10 

1 

0 

H 

ii 

II 

% 

8 
8 

1     8 
7     8 

P 

IS 

fl 

'a 

7     8 
7     8 

1 

li 

7 

lA 

']'s 

lA 

Vi 

7 

U« 

1 1^ 

1  I 

7 
7 

lA 

H 

6 

U 
6 
6 

li 

Is^ 

lA 
lA 

1 1 

6 

!■> 

1  3 

8 
8 

ll-« 

\     ^ 

1  '    li' 

IE 

1(1 

5      51 

li   IS 
is     16 

F> 

1 

1! 

_U 

li 
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TABLE   VI. 


TWIST  DRILLS  FOR  PIPB  TAPS. 

(First  three  columns  from  Standard  Tool  Company,) 

The  sizes  of  twist  drills  to  be  used  in  boring  holes  to  be 
reamed  with  pipe  reamer  and  threaded  with  pipe  tap  are 
as  follows : 


Size. 
Inches. 

Number  of 

Threads 

Per  Inch. 

Size  of  Drill. 

Size  of  Drill  In 
Nearest  ^  Inch. 

i 

27 

.3281 

H 

i 

18 

.4531 

H 

f 

18 

.5937 

tt 

i 

14 

.7187 

« 

* 

14 

.9375 

« 

1 

IH 

1.1875 

lA 

u 

11* 

1.4687 

n\ 

li 

\\\ 

1.7187 

m 

2 

IH 

2.1875 

2A 

2i 

8 

2.C875 

2H 

3 

8 

3.3125 

3A 

3i 

8 

3.8125 

3H 

4 

8 

4.3125 

4A 

Note. — A  drill  ^  inch  larger  than  the  size  given  in  the  table  is 
sometimes  used  when  one  of  the  given  size  is  not  available. 
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4.  Side  mllllns  is  always  understood  to  mean  that  the 
cutting  operation  is  performed  on  a  plane  surface  that  is 
perpendicular  to  the  axis  of  rotation  of  the  cutting  tool. 

5.  Angular  milling  invariably  refers  to  the  machin- 
ing of  plane  surfaces  at  an  inclination  to  the  axis  of  rotation 
of  the  cutting  tool. 

6.  Grooving,  in  a  certain  sense,  is  a  self-explanatory 
term  that  refers  to  the  cutting  of  grooves,  or  slots,  that 
may  have  any  profile  and  follow  a  straight,  a  helical,  or  an 
irregular  path. 

7.  Form  milling:  is  a  class  of  milling  in  which  the 
surfaces  operated  on  are  not  plane,  but  which  have  the  same 
profile  throughout  the  direction  in  which  the  work  is  fed 
against  the  cutter.  This  is  most  commonly  a  horizontal 
direction,  but  may  occasionally  be  a  vertical  or  an  inclined 
one. 

8.  Profiling:  is  usually  understood  to  be  a  milling 
operation  in  which  the  work  is  guided  in  a  predetermined 
path  by  a  templet  having  a  suitable  outline. 

9.  Routing  is  a  name  given  to  a  milling  operation 
in  which  the  work  is  presented  to  the  cutter  and  then 
guided  by  hand,  whence  it  follows  that  the  result  depends 
entirely  on  the  skill  of  the  operator. 

10«  The  definitions  here  given  are  believed  to  be  in 
accordance  with  the  most  general  practice;  since  there  is  no 
universally  accepted  agreement  in  regard  to  them,  it  must 
be  expected  that  some  people  will  use  the  terms  in  a  differ- 
ent sense. 


CLASSIFICATION  OF  MILLING  MACHIIVBS. 

1 1 .  Milling  machines  may  be  classified  as  plain,  vertical, 
universal,  multispindle,  and  special. 

12*  Plain  millinit:  machines  are  intended  for  the 
finishing  of  surfaces  that  require  the  motion  of  the  work  to 
be  in  a  straight  line  during  the  cutting  operation.     They 
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are  so  arranged  that  the  work  can  be  fed  to  the  cutting 
tool,  or  vice  versa^  in  a  vertical  direction,  and  also  in  two 
horizontal  directions  at  right  angles  to  each  other.  The 
axis  of  rotation  of  the  cutting  tool  is  normally  horizontal. 

13.  Vertical  milling:  maclilnes  derive  their  name 
from  the  fact  that  the  axis  of  rotation  of  the  cutting  tool  is 
vertical.  They  are  usually  so  arranged  that  the  cutting 
tool  can  be  fed  toward  or  away  from  the  work  in  a  vertical 
direction,  while  the  work  can  be  fed  to  the  cutting  tool  in 
two  horizontal  directions  at  right  angles  to  each  other.  In 
some  cases  the  machine  is  so  arranged  that  the  work  can  be 
revolved  in  a  horizontal  plane  for  the  purpose  of  finishing 
circular  surfaces. 

14.  Universal  mllUns  machines  are  so  called  by 
virtue  of  the  fact  that  the  numerous  attachments  furnished 
with  them  adapt  these  machines  to  a  very  wide  range  of 
work ;  they  can  be  used  for  almost  every  conceivable  mill- 
ing operation  within  the  capacity  of  the  machine.  The 
axis  of  rotation  of  the  cutting  tool  is  usually  horizontal; 
the  work  can  be  fed  to  the  cutting  tool  in  a  vertical  direc- 
tion, and  also  in  two  horizontal  directions;  the  angle  between 
the  latter  can  be  changed  within  the  limits  imposed  by  the 
design  of  the  machine.  By  means  of  special  devices  the 
work  can  be  rotated  at  the  same  time  that  it  is  moved 
longitudinally  in  a  horizontal  direction;  this  adapts  the 
machine  for  the  production  of  helical  and  spiral  work.  The 
work  can  also  be  rotated  in  these  machines  through  a 
definite  part  of  a  revolution  for  each  individual  cutting 
operation. 

The  special  devices  fitted  to  a  universal  milling  machine 
may  also  be  applied  to  a  plain  or  a  vertical  milling  machine, 
which  are  thus  to  some  extent  converted  into  universal 
milling  machines.  They  will  rarely  have  as  wide  a  range  of 
application,  however,  as  a  machine  especially  designed  to  be 
a  universal  milling  machine. 

15.  Multlsplndle  mllllnit:  machines,  as  implied 
by  the  name,   are  fitted  with  two  or   more  spindles  that 
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carry  the  cutting  tools.  Each  spindle,  and  hence  each  cut- 
ting tool,  is  usually  made  to  be  independently  adjustable  in 
relation  to  the  work.  In  most  machines  of  this  class,  the 
work  can  be  moved  in  a  straight  line  in  one  direction  only. 
Multispindle  milling  machines  are  intended  for  finishing 
several  surfaces  simultaneously,  and  are  usually  employed 
for  heavy  work  only. 

16.  Special  milling:  maclilnes  may  take  any  con- 
ceivable form  that  will  adapt  them  for  the  class  of  work  for 
which  they  are  designed,  but  no  matter  in  what  manner 
they  are  constructed,  the  principles  of  operation  will  be  the 
same  as  those  of  any  regular  milling  machines. 


CONSTRUCTION  OF  MACHINE. 


ESSBNTIALr  PARTS. 

17.  A  milling  machine  consists  of  certain  essential 
parts,  which  in  some  form  or  other  must  exist  in  any  of  its 
numerous  modifications.  The  essential  parts  are  the  frame^ 
the  spindlCy  the  table^  the  feed  mechanism^  and  the  cutting 
tooL  The  function  of  the  frame  is  the  supporting  of  the 
spindle,  table,  and  feed  mechanism.  The  spindle,  which  by 
suitable  means  is  revolved  in  bearings  provided  for  it  in  the 
frame,  carries  the  cutting  tool.  The  function  of  the  table 
is  to  serve  as  a  support  for  the  work,  which  may  be  attached 
either  directly  to  the  table  or  to  holding  devices  carried  by 
it.  The  feed  mechanism  serves  to  move  the  work  past  the 
cutting  tool;  it  may  operate  directly  upon  the  table,  or 
upon  the  spindle,  or  upon  both.  The  function  of  the  cut- 
ting tool  is  self-explanatory. 


CONSTRUCTION. 

18.  The  universal  milling  machine  is  the  most  advanced 
form  for  general  work,  and  embodies  all  the  features  found 
in  other  types.     For  this   reason  it  is  here  selected  and 


MILLING-MACHINE  WORK. 


'icscribed.      As   far  as  the  universal    machines  of  various 
malies  are  concerned,  their  general  arrangement  is  similar 


*  *-liat  of  the  machine  illustraled  in  Fig.  1 ;  they  differ  only 
'"ticdesign  of  the  details,  which  are  modified  in  accordance 
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with  the  personal  experience  and  judgment  of  their  respect- 
ive designers. 

19.  Referring  to  the  figure,  it  is  seen  that  the  general 
form  of  the  frame  a  is  that  of  a  column  or  pillar.  This 
frame  carries  the  horizontal  spindle  b  near  its  top.  The 
spindle  is  driven  by  a  belt  from  a  line  shaft  or  countershaft; 
the  belt  is  placed  on  the  cone  pulley  r.  The  particular 
design  of  machine  shown  is  back-geared  in  order  to  provide 
for  a  larger  number  of  speed  changes.  The  back  gearing  is 
similar  to  that  employed  for  engine  lathes  and  is  operated  in 
the  same  manner,  in  this  case  by  a  handle.  In  the  machine 
illustrated,  the  back  gears  are  protected  by  light  metal 
guards  shown  at  d  and  r.  The  spindle  is  bored  out  tapering 
at  the  front  end  to  receive  the  shank  of  the  cutting  tool  or 
an  arbor  to  which  the  cutting  tool  is  attached.  An  adjust- 
able arm,  or  outboard  bearing:  sliding  in  bearings  parallel 
to  the  spindle,  can  be  used  for  supporting  the  free  end  of 
the  arbor  when  heavy  cuts  are  taken ;  when  not  in  use  it  can 
be  swung  out  of  the  way.  The  arm  can  be  rigidly  clamped 
in  position  after  it  has  been  adjusted. 

20.  A  vertical  slide  is  formed  on  the  front  of  the  frame  a ; 
a  knee  g  is  fitted  to  this  slide,  which  is  in  a  plane  at  right 
angles  to  the  axis  of  the  spindle.  The  top  of  the  knee  is  at 
right  angles  to  the  surface  of  the  slide  on  the  frame,  and 
carries  the  clamp  bed  //,  which  can  be  moved  along  it  in  a 
straight  line  parallel  to  the  axis  of  the  spindle  by  means  of  the 
cross-feed  screw  i.  The  knee  can  be  raised  and  lowered  by 
turning  the  elevating:  screwy ;  for  the  sake  of  convenience, 
this  is  operated  from  the  front  of  the  knee  by  turning  the 
shaft  k^  which  carries  a  bevel  gear  that  meshes  with  one  on 
the  elevating  screw.  A  detachable  handle  /  fits  the  square 
end  of  i  and  k.  The  cross-feed  screws  and  elevating  screws 
are  supplied  with  dials  graduated  to  indicate  movements  by 
thousandths  of  an  inch. 

21.  The  clamp  bed  //  carries  the  saddle  ;«,  which  is 
pivoted  to  it,  and  which  can  be  rotated  through  an  arc  of 
about    45°;  suitable   clamping    devices    are    provided    for 
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clamping  the  saddle  to  the  clamp  bed  in  any  position  to 
which  it  may  be  swung.  The  upper  part  of  the  saddle 
forms  a  slide  that  receives  the  table  n ;  this  slides  in  a  line 
parallel  to  the  top  surface  of  the  knee.  The  table  can  be 
moved  by  means  of  the  feed-sere i9v  o^  which  is  operated  by 
the  handle  shown.  The  top  of  the  clamp  bed  is  graduated 
into  degrees ;  a  zero  mark  on  the  saddle,  by  its  coincidence 
with  the  zero  line  of  the  graduation,  indicates  when  the  line 
of  motion  of  the  table  is  at  right  angles  to  the  axis  of  the 
spindle,  and  by  its  coincidence  with  the  other  graduations 
shows  how  many  degrees  the  line  of  motion  differs  from  its 
position  at  right  angles  with  the  axis  of  the  spindle. 

22.  The  table  is  fitted  with  a  detachable  index  liead/ 
and  a  detachable  tailstock  q.  The  index  head  and  tail- 
stock  are  fitted  with  centers  between  which  work  may  be 
placed.  The  spindle  of  the  index  head  can  be  rotated  by 
means  of  a  worm-wheel  and  worm ;  it  is  so  arranged  that  it 
can  be  swung  in  a  vertical  plane  around  the  axis  of  the 
worm  from  slightly  below  a  horizontal  position  to  somewhat 
beyond  a  vertical  position.  On  the  bottom  of  the  index 
head  are  tongues  that  fit  a  longitudinal  T  slot  in  the  table; 
they  insure  that  the  axis  of  the  index-head  spindle  is  always 
in  the  same  vertical  plane  as  the  line  of  motion  of  the  table. 
The  front  end  of  the  index-head  spindle  is  often  threaded  to 
receive  face  plates,  chucks,  or  special  devices  for  holding 
work;  the  spindle  is  almost  invariably  made  hollow,  and  is 
bored  out  tapering  to  receive  a  live  center  or  arbors. 

23.  When  the  character  of  the  work  clamped  to  the  index 
head  requires  the  axis  of  its  spindle  to  be  at  an  angle  in  a 
horizontal  plane  to  the  line  of  motion  of  the  table,  it  is  first 
detached  from  the  table;  a  so-called  ralslngr  block  r  is 
then  bolted  to  the  table  in  such  a  position  that  one  of  its 
two  T  slots  is  at  the  required  angle,  and  the  index  head  is 
attached  to  that  T  slot  of  the  raising  block.  When  the  diam- 
eter of  the  work  is  so  large  that  it  cannot  be  attached  to 
the  index  head  if  the  latter  is  fastened  directly  to  the  table, 
the  index  head  is  raised  by  means  of  the  raising  block. 
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When  no  raising  block  is  available,  parallel  strips  may  be 
used  for  the  same  purpose.  The  tailstock  q  has  the  dead 
center  mounted  in  a  block  fitted  to  a  slot  of  the  tailstock. 
This  block  can  be  raised  or  lowered  a  certain  amount  in 
order  to  bring  the  dead  center  in  line  with  the  live  center 
when  tapering  work  is  placed  between  them. 

24.  A  mlllinsr.macliine  vise  Sy  which  can  be  rotated 
and  then  clamped  in  any  position  to  the  table,  is  used  for 
holding  work.  When  comparatively  slender  work  is  to  be 
milled  between  the  centers,  it  will  naturally  spring  under 
the  cutting  operation.  This  tendency  is  counteracted  by 
placing  a  center  rest  or  steady  rest  /  on  the  table  and 
adjusting  it  properly  to  support  the  work.  An  oil  tank  is 
shown  at  u, 

25.  The  machine  shown  is  provided  with  an  automatic 

feed  for  the  table,  which,  by  means  of  adjustable  tappets, 
can  be  made  to  stop  at  a  predetermined  point.  A  vertical 
feed  for  the  knee  is  also  provided.  The  knee  and  the  clamp 
bed  may  be  clamped  rigidly  to  their  slides  at  any  point  by  a 
suitable  arrangement.  Adjustable  stops  are  also  provided 
for  the  knee  and  table;  they  are  used  when  a  number  of 
duplicate  pieces  are  to  be  milled,  and  the  feeding  is  done 
by  hand. 

26.  The  inside  of  the  frame  of  universal  milling  ma- 
chines usually  serves  as  a  cupboard  in  which  cutters,  change 
gears,  collets,  arbors,  wrenches,  and  other  small  parts  may 
be  conveniently  kept. 

27.  When  milling  machines  of  different  types  are  care- 
fully examined,  they  will  be  found  to  have  some  of  the 
features  of  the  universal  milling  machine  embodied  in  them 
in  one  form  or  another.  In  one  case  the  cutting  tool  may 
be  fed  to  the  work,  and  in  another  case  the  work  may  be  fed 
to  the  cutting  tool ;  in  one  case  the  feeding  may  be  accom- 
plished by  a  lever  operating  upon  a  pinion  and  rack,  and  in 
another  case  the  feeding  may  be  done  by  turning  a  feed- 
screw;  no   matter,    however,   in  what   form   the   essential 
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parts  appear  and  what  their  construction  may  be,  it  will  be 
found  that  the  fundamental  principles  and  the  function  of 
the  essential  parts  are  the  same  in  each  case. 

Furthermore,  a  person  that  can  operate  one  type  of 
machine  successfully  can,  after  getting  accustomed  to  the 
methods  of  adjustment  of  another  type,  operate  it  with 
equal  ease.  As  far  as  special  methods  of  adjustment  are 
concerned,  they  can  always  be  readily  traced  out  by  a  little 
intelligent  study.  For  this  reason,  no  attempt  is  here  made 
to  describe  all  the  different  types  and  the  subclasses  of  each 
type  in  detail. 


ADVANTAGES  OF  MILLING  MACHINES. 

28.  It  was  conceded  for  a  long  time  that  milling  was 
superior  to  other  processes  of  machining  by  reason  of  the 
fact  that  by  the  use  of  properly  formed  cutting  tools,  pieces 
of  work  having  an  intricate  profile  could  be  duplicated  within 
such  small  limits  of  variation  as  to  be  interchangeable. 
This  could  be  done  at  a  rate  of  speed  that  was  not  feasible 
with  any  other  method  of  machine  work,  and  consequently 
at  a  lower  time  cost  per  piece.  The  milling  machine  can 
truly  be  said  to  have  been  the  most  potent  factor  that  made 
possible  the  application  of  the  interchangeable  system  to  the 
economic  production  of  work  done  in  large  quantities,  as 
firearms,  sewing  machines,  typewriters,  etc.  As  a  matter 
of  fact,  the  milling  machine  was  developed  originally  in 
armories  manufacturing  small  firearms,  and  for  a  long  time 
was  unknown  outside  of  them.  Of  late  years,  it  is  gradually 
becoming  recognized  that  the  process  of  milling  cannot 
only  be  applied  to  a  great  variety  of  work  usually  performed 
in  the  planer,  shaper,  slotter,  and  lathe,  but  that  also,  by 
reason  of  the  multiplicity  of  cutting  edges  and  the  continu- 
ous cutting  operation,  the  work  in  many  instances  can  be 
machined  by  milling  at  a  much  lower  time  cost. 

20«  While  intelligent  superintendence,  i.  e.,  the  making 
of  the  tools  and  special  fixtures  for  the  milling  machines, 
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calls  for  skill  of  a  very  high  order,  the  fact  remains  that 
when  the  machine  operates  on  work  done  in  large  quanti- 
ties, the  actual  placing  of  the  work  into  it,  taking  the  cut, 
and  removing  the  work  can  be  safely  entrusted  to  compara- 
tively unskilled  labor  after  the  machine  has  been  properly 
adjusted  by  a  skilled  workman.  In  such  a  case,  one 
machine  tender  can  often  look  after  several  machines  with- 
out inconvenience.  In  consequence  of  this,  there  will  be  a 
material  reduction  in  the  labor  cost  per  piece. 

30.  When  the  milling  machine  is  used  as  a  substitute 
for  other  machine  tools,  on  work  other  than  duplicate  work, 
the  machine  cannot  be  placed  in  the  charge  of  unskilled  per- 
sons if  its  production  is  to  compete  in  cost  with  that  of  other 
machine  tools.  In  such  cases,  there  is  at  least  as  much  skill 
called  for  as  is  required  for  thje  successful  operation  of  the 
machine  tool  whose  place  is  taken  by  the  milling  machine. 


MILLING  CUTTERS. 


CI.ASSIFICATIOX    OF    CUTTERS. 

31.  The  cutting  tool  used  for  milling  is  known  as  a 
itillllns  cutter.  Milling  cutters  found  in  practice  may 
be  classified  as  plain  viilliug  cutters^  also  called  common^ 
axial^  and  surface  viilliug  cutters^  side  milling  cutters^  also 
called  y>?r^  or  butt  mills ^  angular  milli7ig  cutters,  end  milling 
cutters,  and  form  cutters.  Side  mills  and  end  mills  are  also 
called  radial  mills.  Any  one  of  these  cutters  may  be  a  solid, 
an  inserted-tooth,  a  shank,  or  a  shell  cutter,  and  it  may  be 
fastened  to  the  spindle  of  the  milling  machine  by  holding  it 
in  a  chuck,  by  clamping  it  to  an  arbor,  by  screwing  it  to  the 
spindle  or  to  a  shank  fitted  to  the  latter,  or,  finally,  it  may 
be  formed  with  a  shank  that  fits  the  spindle. 

32.  Milling  cutters  are  called  rl»:tit-lianded  and  left- 
handed  in  accordance  with  their  direction  of  rotation  when 
cutting.      In  order  to  tell  whether  a  cutter  is  right-handed 
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or  left-handed,  hold  it  level  with  the  eye  and  with  the  side 
of  the  cutter  that  is  toivard  the  spindle  toward  the  eye. 
Then  if  the  cutter  must  revolve  in  the  direction  in  which 
the  hands  of  a  watch  move,  it  is  right  -  handed ;  when  it 
must  revolve  in  a  direction  opposite  to  that  in  which  the 
hands  of  a  watch  move,  it  is  left  handed. 


CONSTRUCTION    OF    CUTTERS. 


PLAIN   MILLING   CUTTERS. 

33.  Slittinsr  Saw. — A  plain  mllllnsr  cutter  may  be 

defined  as  one  intended  for  machining  surfaces  parallel  to 
the   axis   of   rotation  of  the 
cutter.     The  simplest   form 
of  a  plain    milling  cutter  is 
the  sllttins:  saw  shown  in 
Fig.  2.     This  saw  is  clamped 
between  washers  to  an  arbor ; 
a  number  of  cutting  edges  are 
formed  on  its  periphery  by 
serrating  it.     These  cutting 
edges  are  ground  after  hard- 
ening so  that  they  all  are  ex- 
actly the  same  distance  from  '^*  * 
the  axis,  in  order  that  each  cutting  edge  will  do  the  same 
amount  of  work.     Slitting  cutters,  like  the  one  shown,  are 
ground  with  clearance  on  the  sides;  that  is,  they  are  made 
slightly  thinner  at  the  center  than  at  the  periphery,  so  that 
deep  slots  can  be  cut,  or  stock  can  be  cut  off,  without  having 
the  sides  of  the  cutter  bind  in  the  slot. 

34.  Screw  Slotting  Cutter. — When  shallow  slots 
are  to  be  cut,  as,  for  instance,  the  slots  in  screw  heads,  the 
cutter  is  made  with  teeth  having  a  much  finer  pitch;  the 
sides  are  then  usually  left  parallel,  in  order  to  save  expense 
in  making  the  cutter.     This  kind  of  a  cutter  is  given  the 
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name  of  »crei9ir  slotting^  cutter,  since  it  is  most  frequently 
used  for  that  purpose.  While  used  by  some  for  cutting  off 
stock,  it  is  not  as  well  adapted  for  this  purpose  as  the  slit- 
ting cutter,  since  on  thick  stock  the  sides  of  the  cutter, 
especially  if  the  teeth  are  at  all  dull,  will  bind  in  the  stock 
being  sawed. 

35.  Parts  of  the  Cutter.  —  The  term  pltcli,  when 
applied  to  the  teeth  of  a  milling  cutter,  refers  to  the  dis- 
tance between  adjacent  cutting  edges.  Since  in  milling 
cutters  the  teeth  are  equally  spaced,  the  pitch  can  be  found 
by  dividing  the  circumference  of  the  cutter  by  the  number 
of  teeth.  The  plane  represented  by  the  line  ^  ^  is  called  the 
front  face  of  the  tooth.  In  American  practice,  it  is  almost 
invariably  made  radial;  that  is,  the  front  face  lies  oh  a 
plane  that  passes  through  the  axis  of  the  cutter.  In  side 
milling  cutters,  this  rule  is  occasionally  departed  from  for 
the  purpose  of  throwing  the  chips  in  a  certain  direction. 
The  surface  a  a\  Fig.  2,  is  called  the  top  face  of  the  tooth; 
the  angle  included  between  a  b  and  a  a!  varies  from  85° 
to  87°,  thus  giving  a  clearance  of  from  3°  to  5°.  The  edge  J 
is  the  cuttinif  edg^e,  and  the  surface  whose  edge  is  a'  c  is 
the  back  of  the  tooth.  The  cutter,  in  order  to  cut,  must 
rotate  so  that  the  front  faces  of  the  teeth  move  toward  the 
work,  or  in  the  direction  of  the  arrow  x, 

36.  Reversible  Cutters. — Any  milling  cutter  that  is 
reversible,  i.  e.,  which  can  be  placed  with  either  side  toward 
the  spindle,  as  is  the  case  with  most  milling  cutters  fastened 
to  an  arbor,  will  serve  for  a  right-handed  cutter  or  a  left- 
handed  cutter,  depending  on  which  side  of  the  cutter  is 
placed  toward  the  spindle.  Thus,  if  the  cutter  illustrated 
in  Fig.  2  is  placed  with  the  side  d  toward  the  spindle,  it  is  a 
left-handed  cutter;  but  if  the  side  d  is  placed  away  from  the 
spindle,  it  is  a  right-handed  cutter. 

37.  Straight    and    Helical    Cutting    Edffes. — By 

making   the    slitting    cutter    wider,    it    becomes  the  plain 
cutter  shown  in  Fig.  3  (^).     It  seems  to  be  the  common 
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practice  to  limit  the  terms  "  slitting  "  and  "  slotting  "  cut- 
ters to  cutters  that  are  narrower  than  one-quarter  inch; 
when  wider,  they  are  usually  called  ptatn  cutters,  eyltn- 
dncal  cutters,  or  parallel  cutters.  The  cutter  shown 
in  Fig.  3  («)  has  straight  cutting  edges,  by  which  is  meant 
that  they  lie  in  planes  passing  through  the  axis,  A  milling 
cutter  with  straight  cutting  edges  will  answer  very  well  for 
surfaces  that  are  relatively  narrow,  say  nat  over  1  inch 
wide;  it  also  has  the  advantage  that  straight  cutting  edges 


I*""^  cheaply  produced.  On  the  other  hand,  each  cutting 
'"ge,  when  in  contact  with  the  work,  will  cut  at  once 
*'-''oss  the  whole  width  of  the  surface  operated  on;  conse- 
S*iently,  considerable  power  will  be  needed,  and  as  each 
^'^ting  edge  strikes  throughout  the  whole  width  of  the  sur- 
^'^^j  a  distinct  blow  is  struck  by  it,  which  will  set  up 
"5>>"ations  and  prevent,  to  a  large  extent,  smooth,  even 
**ling,  unless  the  machine  is  exceptionally  rigid  and  the 
'^«~k  held  very  securely. 

^^8.  The  objections  to  the  straight-tooth  cutter  have  led 
**  t,he  design  of  cutters  with  helical  cutting  edges;  such  a 
'^'^tter  is  shown  in  Fig,  3  (i).  When  a  surface  is  being 
"^^chined,  the  teeth  will  commence  cutting  at  one  corner, 
^^^  the  cut  will  gradually  proceed  across  the  surface.  In 
"-^^isequence  of  this  shaving  action,  the  severity  of  the  blow 
^^-I'uck  by  each  cutting  edge  on  engaging  the  work  is  greatly 
'^Ssened;  experience  has  also  shown  that  for  equal  condi- 
T-^ons,  less  power  will  be  required  for  a  cutter  with  helical 
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cutting  edges  than  for  one  with  straight  cutting  edges. 
The  lessening  of  the  severity  of  the  blow  struck  by  each 
edge  on  engaging  the  work  means  a  reduction  of  vibration, 
and,  hence,  under  equal  conditions,  the  cutter  with  helical 
cutting  edges  will  produce  a  smoother  surface. 

39.  Deflnitions  of  Helix  and  Spiral.  —  It  is  to  be 

regretted  that  it  has  become  the  practice  among  some 
writers,  and  hence  among  many  mechanics,  to  use  the 
terms  helix  and  spiral  as  synonymous,  i.  e.,  as  having  the 
same  meaning. 

In  geometry,  a  helix  is  a  line  generated  by  the  rotation 
of  a  point  around  an  axis,  the  point  remaining  at  the  same 
distance  from  the  axis  but  advancing  in  the  direction  of  its 
length.  The  most  familiar  examples  of  helixes  are  screw 
threads  and  the  grooves  of  twist  drills. 

A  spiral  is  a  line  generated  by  the  progressive  rotation 
of  a  point  around  an  axis,  the  point  gradually  increasing  its 
distance  from  the  axis.  When  the  point  rotates  in  a  plane, 
its  path  is  called  a  plane  spiral.  The  most  familiar  exam- 
ple of  a  plane  spiral  is  a  watch  spring,  where  all  convolu- 
tions lie  in  the  same  plane. 

When  a  point  rotates  around  an  axis  at  a  continually 
increasing  distance  from  the  axis,  and  at  the  same  time 
moves  in  the  direction  of  the  axis,  in  other  words,  if  the 
point  follows  the  surface  of  a  cone,  its  path  is  a  conical 
spiral.  Probably  the  most  familiar  examples  of  a  conical 
spiral  are  conical  bed  springs,  and  the  springs  used  for  seat- 
ing the  water  valves  in  many  designs  of  steam  pumps. 

40.  From  the  definition  it  will  be  seen  that  a  helix  is  a 
particular  form  of  a  spiral,  and  that  a  spiral  becomes  a  helix 
when  the  path  of  the  point  generating  it  lies  on  the  surface 
of  a  cylinder.  In  this  Course  the  terms  helix  and  spiral  will 
be  used  in  their  true  meaning;  that  is,  in  accordance  with 
the  definitions  just  given. 

41.  Nicked  Teetli. — Experience  has  shown  that  the 
power  required  to  drive  a  milling  cutter  can  be  greatly 
reduced  by  nicking  the  teeth  of  helical   milling  cutters  in 
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the  manner  shown  in  Fig.  4,  where  the  nicks  are  so  arranged 
that  a  cutting  edge  will  be  behind  a  nick.  With  such 
a  cutter,  the  chips  are  broken  up;  that  is,  instead  of  one 
continuous  shaving,  a  number  of  separate  shavings  are 
made  by  each  cutting  edge.  Since  it  has  been  shown  by 
experience  that  less  power  is  required  for  a  nicked  cutter,  it 
follows  that  with  the  same  amount  of  power  available  and 
under  equal  conditions,  a  much  wider  and  deeper  cut  can  be 
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taken  than  is  possible  with  an  ordinary  helical  cutter.  For 
this  reason,  cutters  with  nicked  teeth  are  now  very  gener- 
ally employed  for  heavy  milling  where  the  rapid  removal 
of  superfluous  metal  is  the  prime  requisite.  It  is  claimed 
that  a  surface  cannot  be  machined  as  smooth  with  a  nicked 
cutter  as  with  a  plain  cutter;  but  if  the  nicked  cutter  is 
carefully  made  and  kept  sharp,  there  seems  to  be  no  reason, 
however,  why  it  cannot  produce  as  good  work  on  a  finishing 
cut  as  a  plain  cutter. 

42.  Built-up  Plain  Cuiteri*. — The  cutters  shown  in 
Figs.  2,  3,  and  4  are  solid  cutters^  which  means  that  they  are 
made  from  a  single  piece  of  steel.  Solid  cutters  can  be 
obtained  as  large  as  8  inches  in  diameter  and  (>  inches  wide; 
this  size  is  about  their  commercial  limit.  When  larger  cut- 
ters are  wanted,  they  are  usually  made  with  blades  or  teeth 
of  tool  steel  that  are  inserted  in  a  body  of  inexj)ensive  mate- 
rial in  such  a  manner  that  they  can  l>e  removed  and  replaced 
when  worn  or  broken.  There  are  a  great  many  different 
ways  in  which  such  cutters  may  be  made. 
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43.  Fig.  5  shows  the  construction  adopted  by  the  Morse 
Twist  Drill  and  Machine  Company  for  cutters  of  the 
inserted-blade  type.  Referring  to  the  illustration,  it  will  be 
seen  that  the  blades  ^,  a  are  inserted  in  rectangular  slots 
cut  into  the  body  b,  A  clamp  d  is  placed  between  each 
alternate  pair  of  blades ;  this  clamp  can  be  drawn  inwards  by 


Fig.  6. 

setting  up  the  screws  c^  r,  which  operation  presses  the  two 
blades  against  opposite  sides  of  their  slots  and  locks  them. 
The  blades  themselves  are  straight,  but  their  cutting  edges 
are  helical,  in  order  that  the  front  face  of  the  blades  may  be 
radial  throughout  their  length.  The  cutter  here  shown  is 
intended  for  heavy  work,  and,  hence,  the  cutting  edges  are 
nicked. 

44.  An  entirely  different  design  of  a  plain  milling  cutter 
is  shown  in  Fig.  6.  This  cutter  belongs  to  the  inserted- 
tooth  type,  and  is  a  logical  development  of  the  idea  of 
nicking  the  teeth,  inasmuch  as  each  separate  tooth  is  the 
equivalent  of  the  cutting  edge  between  a  pair  of  nicks  of  an 
inserted-blade  cutter.  The  cutter  consists  of  a  cast-iron 
body  a  in  which  rows  of  cylindrical  holes  are  drilled  and 
reamed  for  the  reception  of  the  teeth.  The  holes  are  so 
arranged  that  a  line  drawn  through  the  centers  of  the  holes 
of  each  row  and  along  the  cylindrical  surface  of  the  cutter 
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forms  a  helix.  The  teeth  ^,  b  are  cylindrical  plugs  of  tool 
steel  that  are  simply  driven  into  the  holes.  A  cutting  edge 
is  formed  by  cutting  away  one-half  of  that  part  of  the  plug 
that  projects  from  the  body,  and  grinding  a  proper  clear- 
ance on  its  top.  It  will  be  observed  that  while  the  rows  of 
"teeth  are  in  the  direction  of  a  helix,  the  cutting  edge  of  each 


Fig.  6. 


tooth  is  in  a  plane  passing  through  the  axis  of  the  milling 
cutter.  This  is  done  purposely  in  order  to  prevent  the  teeth 
from  turning  around  their  own  axis  under  the  pressure  of 
the  cutting  operation.  If  the  front  /ace  of  the  tooth  is 
helical,  it  will  commence  to  cut  at  one  corner;  in  conse- 
quence of  this,  there  will  be  a  tendency  to  rotate  the  tooth 
around  its  own  axis. 


45.  Inserted-blade  and  inserted-tooth  milling  cutters 
are  limited  as  to  size  only  by  the  capacity  of  the  machine. 
In  connection  with  this  it  is  to  be  observed  that  as  far  as 
results  are  concerned,  the  solid  cutter  will  accomplish  the 
same  thing.  For  large  cutters,  however,  either  the  cost  of 
the  solid  cutter  is  such  as  to  be  prohibitive,  or  it  is  impossi- 
ble to  obtain  steel  of  sufficient  size  to  make  a  solid  cutter. 
Furthermore,  in  hardening  very  large  pieces  of  tool  steel, 
there  is  considerable  danger  of  losing  them  by  cracking 
when  they  are  quenched.  It  is  thus  seen  that  the  question 
of  whether  to  use  a  solid  or  an  inserted-tooth  cutter  is 
simply  a  question  of  expense,  since  neither  will  produce 
work  that  cannot  be  done  as  well  with  the  other.  When 
it  comes  to  a  question  of  maintenance,  the  inserted-blade 
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and  inserted-tooth  cutter  is  undoubtedly  cheaper  in  the  long 
run,  since  new  blades  or  teeth  can  be  fitted  at  a  fraction  of 
the  expense  of  a  solid  cutter,  at  least  as  far  as  large  cutters 
are  concerned. 
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Fig.  7. 


8inB  MILLING  CUTTERS. 

46.  Solid  Side  Mill. — Tht  most  common  form  of  a  side 
milling  cutter  for  small  work  is  shown  in  Fig.  7.  By  exam- 
ining the  illustration, 
it  will  be  seen  that  it  is 
a  face  milling  cutter 
with  additional  teeth 
cut  on  its  sides.  In 
order  that  the  sides 
may  clear  the  work, 
they  are  recessed  be- 
low the  bottom  of  the 
teeth,  as  shown  at  a, 

A  side  milling  cutter 
may  operate  on  the 
sides  of  work  either  by  ciilting  with  the  cutting  edges 
formed  on  its  periphery  or  by  cutting  with  the  teeth 
formed  on  its  sides,  depending  on  which  way  the  work  is 
fed  to  the  cutter.  When  the  work  is  fed  in  a  direction  at 
right  angles  to  the  axis  of  rotation  of  the  cutter,  the  teeth 
on  the  periphery  will  do  the  cutting  and  the  side  teeth  will 
drag  against  the  work;  when  the  feeding  is  done  in  a  direc- 
tion parallel  to  the  axis  of  rotation,  the  side  teeth  will  do 
all  the  cutting. 

47.  Straddle  and  Gang:  Mills.  —  Two  side  milling 
cutters  like  the  one  shown  in  Art.  46  are  often  placed  on 
an  arbor,  with  a  washer  to  regulate  the  distance  between 
them.  In  this  case  two  opposite  sides  of  the  work  are 
operated  on  at  once;  such  a  combination  is  called  a 
straddle  mill. 

A  phiin  cutler  may  he  placed  between  two  side  cutters; 
this  combination  will  then   be  spoken  of  as  a  SAns  mill. 
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nrhich  term  is  usually  applied  to  any  cutter  made  up  of  sev- 
eral separate  cutters.  Gang  mills  are  very  useful  for  mill- 
ing some  simple  shapes,  if  plain  cutters  of  the  required 
diameter  are  available,  since  several  surfaces  may  be  oper- 
ated on  at  the  same  time.  For  intricate  shapes,  special 
milling  cutters  are  often  made  as  gang  mills. 

48.  Tlireaded  Cutters. — When  any  milling  cutter  is 
attached  by  screwing  it  to  a  shank  or  to  the*  spindle,  it 
is  absolutely  necessary  to  revolve  the  cutter  in  such  a  direc- 
tion that  the  cutting  operation  will  tend  to  lock  it  more 
firmly.  From  this  it  follows  that  any  cutter  attached  by 
screwing  is  not  reversible.  For  instance,  consider  a  plain 
side  milling  cutter  that  is  attached  by  a  left-handed  thread. 
Then,  this  cutter  must  only  be  attached  so  that  it  will  run 
left-handed.  Assume  that  it  is  run  right-handed.  Then, 
as  soon  as  the  cutter  engages  the  work,  the  pressure  of  the 
cutting  operation  will  tend  to  unscrew  the  cutter;  in  case 
the  cutter  is  actually  unscrewed,  the  work  may  be  spoiled 
by  the  cutter  digging  into  it,  or  the  cutter  may  be  broken. 
Particular  attention  is  called  to  this  fact,  since  a  large  per- 
centage of  the  accidents  to  the  work  and  cutters  is  due 
to  its  not  having  been  taken  into  account.  The  foregoing 
may  be  summed  up  as  follows : 

,  If  the  thread  is  left-handed^  the  cutter  must  run  left- 
handed ;  for  a  right-handed  thread,  the  cutter  must  run  right- 
handed. 

40.  It  has  been  explained  in  Art.  32  what  is  meant  by 
a  right-handed  and  left-handed  cutter;  it  will  be  well  to 
refer  again  to  this  article,  to  make  sure  that  the  meaning  of 
these  terms  when  applied  to  milling  cutters  is  properly 
understood. 

50.  Inserted-Blade  Side  Mills. — Small  side  milling 
cutters,  say  up  to  8  inches  in  diameter,  are  usually  made 
solid.  Above  that  size  the  difficulty  of  making  a  solid 
cutter  makes  cutters  with  inserted  blades  or  inserted  teeth 
cheaper  in  first  cost  and  maintenance.     Inserted-blade  side 
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milling  cutters  may  be  constructed  in  a  great  variety  of 
ways;  for  instance,  they  may  be  made  on  the  same  principle 
as  the  plain  milling  cutter  shown  in  Fig.  5,  or  the  blades 
may  be  inserted  and  locked  in  the  manner  shown  in  Fig.  8. 
This  figure  shows  the  design  adopted  by  the  Pratt  &  Whit- 
ney Company.     The  blades  a^  a  fit  rectangular  slots  cut 
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Fig.  8. 

into  the  body  b.  A  hole  is  drilled  between  every  alternate 
pair  of  blades;  these  holes  are  reamed  out  tapering,  to 
receive  the  taper  locking  pins  r,  c.  After  reaming,  slots 
are  cut  through  the  reamed  holes;  the  blades  are  then 
locked  by  driving  the  taper  pins  home.  The  blades  are 
generally  made  long  enough  to  allow  them  to  be  sharpened 
a  great  number  of  times. 

51.  Inserted-Tootti  Side  MIIIh. — The  designs  shown 
in  Figs.  5  and  8  are  used  for  cutters  from  8  to  36  inches  in 
diameter.  Cutters  exceeding  the  latter  size  are  usually 
made  with  inserted  teeth,  although  relatively  small  cutters 
are  occasionally  made  that  way  on  account  of  low  first 
cost.  There  are  various  ways  in  which  teeth  may  be 
inserted  in  side  milling  cutters.  Probably  the  cheapest 
construction  is  to  insert  cylindrical  teeth  in  the  periphery  of 
a  cast-iron  body,  as  shown  in  Fig.  0.  The  teeth  a^  a  have 
their  ends  formed  like  planer  roughing  tools;  the  holes  in 
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which  they  are  placed  are  drilled  at  an  angle  of  about  60°  to 
the  axis,  in  order  that  the  cutting  edges  of  the  teeth  may 
come  in  front  of  the  side  of  the  body.  The  teeth  are  held 
by  setscrews  b^  b\  owing  to  their  simple  shape,  they  can  be 
made  quite  cheaply,  and  can  be  easily  replaced. 


IE 


Fig.  9. 

52.  Fig.  10  shows  a  radically  different  construction.  The 
teeth  a  are  made  of  square  tool  steel  and  are  placed  in 
rectangular  slots  in  the  body  ^;  these  slots  are  parallel  to 
the  axis  of  the  cutter.  The  teeth  are  held  bv  setscrews  e.  e. 
The  particular  cutter  shown  is  fastened  to  the  spindle  d  by 
a  key/";  longitudinal  movement  on  the  spindle  is  prevented 
by  a  screw  g^  which  is  placed  half  into  the  shaft  and  half 
into  the  body.  This  method  of  fastening  a  cutter  to  the 
spindle  is  adapted  only  to  cases  where  the  cutter  body  is 
not  intended  to  be  replaced  by  others  of  different  shape 
or  size. 

53.  The  particular  design  of  cutter  shown  is  a  fine 
example  of  how,  by  the  use  of  a  properly  designed  tool,  a 
surface  may  be  roughed  out  and  finished  by  running 
the  cutter  over  it  but  once.  Referring  to  the  illustra- 
tion, two  flat-nosed  tools  b,  b  are  seen  so  placed  that  their 
outer  corner  is  slightly  inside  of  the  circle  passing  through 
the    teeth.        The   cutting   edges   of    these    two   tools   are 
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adjusted  in  a  plane  slightly  in  front  of  that  in  which  the 
cutting  edges  of  the  teeth  are  placed.  In  consequence  of 
this,   the   teeth  will    rough    out   the  work   in   advance  of 


KiG.  10. 

the  tools  /;,  and  as  the  cutter  moves  past  the  work,  the 
tools  follow  directly  behind  the  teeth  and  take  the  finishing 
cut.  This  greatly  reduces  the  time  required  for  the  cut- 
ting operation. 

54.  Cutters  designed  to  take  a  roughing  and  a  finishing 
cut  at  the  same  time  are  only  applicable  to  work  which  is  so 
rigid  that  there  is  no  danger  of  its  springing  to  an  appre- 
ciable extent  by  the  releasing  of  the  tension  existing  at  the 
surface  of  castings  and  forgings.  Plain  milling  cutters 
cannot  very  readily  be  designed  to  take  a  roughing  and  a 
finishing  cut  at  the  same  time. 

55.  Slotting:  Cutter. — The  T-slot  cutter  shown  in 
Fig.  1 1  is  a  combination  of  a  side  milling  cutter  and  a  face 
milling  cutter,  and  is  intended  for  cutting  out  T  slots.  This 
style  of  cutter  is  usually  made  solid,  and  has  a  shank  a  which 
is  tapered  to  fit  the  hole  of  the  milling-machine  spindle. 
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The  end  of  the  shank  is  milled  to  form  a  tang  that  enters  a 
corresponding  recess  in  the  bottom  of  the  hole  in  the 
spindle,  in  order  that  the  cutter  may  be  positively  driven. 


y 
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Fig.  11. 


All  shank  cutters  must  be  driven  home  quite  heavily,  using 
a  lead  hammer  for  this  purpose;  if  this  is  not  done,  the 
vibrations  due  to  the  cutting  operation  will  soon  loosen  the 
cutter  and,  in  consequence,  it  will  dig  into  the  work. 


ANGULAR  MILLING  CUTTERS. 

56*     Classification.  —  An  angular  miUinfir  cutter 

may  be  defined  as  a  cutter  intended  for  the  finishing  of 
surfaces  at  an  angle  to  the  axis  of  rotation.  Angular 
cutters  may  be  constructed  in  a  great  variety  of  ways  and 
may  be  solid,  or  have  inserted  teeth,  or  inserted  blades. 
They  may  be  attached  to  the  spindle  by  clamping  them  to 
an  arbor,  by  screwing  them  to  a  shank,  or  by  screwing 
them  to  the  spindle.  They  may  also  be  made  solid  and 
with  a  shank  that  is  either  tapered  to  fit  the  spindle  or 
that  is  cylindrical;  in  the  latter  case,  the  shank  is  held  in  a 
chuck.  Angular  cutters  may  be  divided  into  two  general 
classes,  which  are  sifigle-angle  and  double-atigle  cutters. 

57.  Single-Angie  Cutters. — A  single-angle  cutter  is 
one  in  which  one  cutting  face  is  at  an  inclination  other  than 
a  right  angle  to  the  axis  of  rotation.  Such  cutters  are 
known  according  to  the  angle  included  between  the  inclined 
face  and  a  plane  perpendicular  to  the  axis,  as  30°  cutters, 
45**  cutters,  etc.  Angular  cutters  of  the  single-angle  class 
arc  largely  used  for  cutting  the  teeth  of  milling  cutters, 
counterbores,  hollow  mills,  and  similar  work  having  straight 
cutting  edges. 
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S8.     A  single-angle  60°  cutter  is  shown  in  Fig.  12.     As 

shown  in  the  illustration,  it  has  teeth  cut  on  its  side,  as  well 

as  on  the  angular  face. 
Such  a  cutter  can  oper- 
ate on  two  surfaces  at 
the  same  time;  that  is, 
it  can  cut  on  a  surface 
perpendicular  to  the  axis 
of  rotation  and  also  on 
a  surface  at  an  inclina- 
tion to  it.  Single-angle 
cutters  intended  only  for 
^'°-  *^-  finishing  a  surface  at  an 

inclination  to  the  axis  are  made  without  teeth  on  the  side; 

such  a  cutter  is  considerably  cheaper  than  the  one  shown  in 

Fig.  12. 

59*  Double-Ansle  Cutters. — A  double-angle  cutter 
has  two  cutting  faces  at  an  angle  with  each  other  and  the 
axis.  When  both  faces  make  the  same  angle  with  the  axis, 
the  cutter  is  designated  by  giving  the  angle  included 
between  the  two  cutting  faces.  For  instance,  if  the  angle 
is  60°,  the  cutter  would  be  called  a  *'G0°  double-angle  cutter." 

60.  When  the  two  cutting  faces  do  not  make  the  same 
angle  with  the  axis,  as,  for  instance,  in  the  cutter  shown  in 
Fig.  13,  the  cutter 
is  designated  by  giv- 
ing the  angle  in- 
cluded between  each 
face  and  a  plane  per- 
pendicular to  the 
axis,  as  the  angles 
a  and  b  in  the  figure. 
For  instance,  if  the 
angle  a  is  12°  and 
the  angle  b  48°,  the 

cutter  would  be  des-  ^^^  '^• 

ignated  as  a   "  12°  and  48°  double-angle  cutter.'* 
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Double-angle  cutters  are  most  commonly  used  for  fluting 
taps,  reamers,  milling  cutters  with  helical  teeth,  and  similar 
work  where  it  is  important  that  the  two  surfaces  operated 
on  at  the  same  time  be  finished  equally  well. 

61.  It  must  not  be  inferred  that  a  surface  at  an  angle 
to  another  one  cannot  be  finished  except  with  an  angular 
cutter.  In  many  cases,  the  work  may  be  chucked  in  such  a 
manner  that  a  plain  milling  cutter  or  a  side  milling  cutter 
may  be  used,  and  in  other  cases,  the  axis  of  rotation  of  the 
cutter  is  adjustable,  which  allows  a  plain  cutter  or  side  mill 
to  be  used  for  angular  cuts. 
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62.  Stem  Mills. — In  its  true  sense,  an  end  milling 
cutter  is  one  in  which  the  cutting  is  done  by  the  teeth  on  its 
end.  In  practice,  however,  the  term  is  usually  applied  to 
shank  cutters,  often  called  tfttem  mlUtft,  which  have  teeth 
on  the  periphery  as  well  as  on  the  ends,  as,  for  instance,  the 
cutter  shown  in  Fig.  14.  By  examining  the  cutter  illus- 
trated, it  will  be  seen  that  it  is  a  combination  of  a  plain  mill- 
ing cutter  and  a  side  milling  cutter,  and   can  be   us^^d  for 
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milling  surfaces  that  are  parallel,  and  ali^'^  for  surfa<  es  j>er- 
pendicular,  to  the  axis  of  the  cutter.  When  the  work  ib  fed 
to  the  cutter  in  a  direction  parallel  to  the  axis  of  the  latter, 
the  teeth  on  the  end  will  do  the  cutting,  and  the  cutter  will 
act  as  a  true  end  mill.  In  most  cases,  however,  the  work  is 
fed  in  a  direction  perpendicular  to  the  axis  of  the  cutter,  and 
the  cutter  will  operate  in  the  same  manner  as  a  i^ide  mill. 
The  larger  sizes  of  end  mills  are  made  as  shell  mills:  that  is, 
they  arc  in  the  form  of  a  shell  tlxat  is  fastened  to  an  arU-ir. 
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Smaller  sizes  are  made  with  a  taper  shank  a^  as  shown  in 
Fig.  14,  and  are  driven  into  a  tapering  hole  in  the  milling- 
machine  spindle.  The  smallest  sizes  are  made  with  a  cylin- 
drical shank,  or  stem,  and  are  held  in  a  self-centering 
chuck.  While  the  end  mill  shown  in  Fig.  14  has  straight 
cutting  edges,  it  is  often  made  with  helical  edges  on  the 
periphery.  The  teeth  on  the  end  are  almost  invariably 
radial. 

63.  Cotter  Mill. — Fig.  15  shows  a  peculiarly  shaped 
mill  that  is  usually  considered  as  an  end  mill,  although  it  is 
not  very  well  adapted  for  cutting  with  its  end.  This  mill  is 
known  as  a  cotter  mill,  and  is  in  reality  a  face  cutter  with 
two  teeth  opposite  each  other.     It  is  particularly  adapted 


Fig.  15. 

for  cutting  narrow  and  deep  grooves  ;  it  cannot  be  sunk 
endwise  into  solid  metal  to  any  extent,  but  a  hole  must  be 
drilled  where  the  groove  is  to  start.  The  cutting  is  done 
by  the  edges  on  the  periphery.  As  there  is  considerable 
room  for  the  chips,  the  cutter  will  not  clog  very  easily. 


FORM  MILLING    CUTTERS. 

64.  Classification. — Any  milling  cutter  intended  for 
the  milling  of  surfaces  that  are  not  plain  surfaces  may  be 
called  a  form  millingr  cutter.  Such  cutters  may  be 
divided  into  two  general  classes,  viz. :  form  cutters  and 
formed  cutters.  Both  classes  will  accomplish  the  same  re- 
sult; they  differ  from  each  other  only  in  their  construction. 

The  name  form  cutter  is  usually  applied  to  any  form 
milling  cutter  that  has  the  teeth  constructed  in  the  same 
manner  as  the  ordinary  milling  cutter.  Form  cutters  can 
rarely  be  sharpened  without  changing  their  profile  to  some 
extent. 
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Formed  cutters  are  milling  cutters  that  have  been 
made  with  a  forming  tool  applied  in  such  a  manner  that  the 
sharpening  of  the  teeth  will  not  change  the  profile. 

Form  milling  cutters  may  have  any  one  of  an  infinite 
variety  of  profiles  and  may  be  made  solid  or  several  cutters 
may  be  combined  into  a  gang  mill. 

65.  Fly  Cutter. — The  simplest  form  milling  cutter  is  the 
so-called  fly  cutter,  which  is  shown  in  its  arbor  in  Fig.  16. 
The  cutter  a  is  set  into  a  rectangular  slot  in  the  arbor  b, 
and  is  locked  by  tightening  the  two  setscrews  c^  c.  The 
front  face  is  radial;  one  end  of  the  cutter  is  filed  or  turned 
to  the  profile  it  is  desired  to  cut.  It  is  seen  that  the  fly 
cutter  is  simply  a  one-tooth  milling  cutter.  Clearance  is 
given  by  setting  the  cutter  farther  out  from  the  center  than 
the  position  in  which  it  was  turned.     The  fly  cutter  has  the 


^^53  •    " 


Fig.  IC. 

advantage  of  being  very  cheap  in  first  cost,  even  when  the 
profile  is  quite  intricate;  for  this  reason  it  is  well  adapted 
for  such  work  as  the  making  of  forming  tools  for  screw  ma- 
chines, making  a  gear  with  an  odd  pitch  of  teeth,  and  simi- 
lar work  that  does  not  warrant  the  expense  of  a  regular 
form  cutter.  Since  the  cutter  has  only  one  cutting  edge, 
it  cannot  be  expected  to  last  as  well  or  cut  as  fast  as  a  reg- 
ular cutter;  it  will  reproduce  its  own  shape  very  exactly, 
however,  and  will  mill  quite  smoothly  if  kept  sharp. 

66.  Interlocking  of  Teeth. — Fig.  17  shows  a  form 
cutter  that  is  built  up  of  three  pieces,  thus  forming  a  gang 
cutter.  In  order  that  the  cutter  will  not  make  a  mark 
where  the  pieces  join,  the  teeth  are  made  to  interlock,  as 
shown  at  a^  a.     By  examining  the  cutter,  the  similarity  of  its 
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teeth  to  those  of  the  ordinary  milling  cutter  will  be  noticed. 
The  difficulty  of  sharpening  the  teeth  without  changing  the 
profile  of  the  cutter  is  apparent. 


07.  Gear-Tootta  Cutter. — The  most  familiar  formed 
cutter  is  the  gear  milling  cutter  shown  in  Fig.  18,  which  is 
used  for  cutting  the  teeth  of  gear-wheels.  This  cutter,  as 
are  all  formed  cutters,  is  sharpened  by  grinding  the  front 
face  of  the  teeth.     If  the  precaution  of  grinding  the  front 
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faces  radially  is  observed,  the  profile  will  not  change  at  all, 
since  the  method  by  which  it  is  made  insures  that  the  pro- 
file of  all  sections  taken  through  a  tooth  in  planes  pass- 
ing through  the  axis  is  exactly  the  same.  The  tooth  a  b, 
Pig.  18,  of  a  formed  cutler   may  be  conceived  to  be  built 
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up  of  an  infinite  number  of  thin  wedge-shaped  plates  with 
radial  faces,  each  of  which  is  placed  slightly  nearer  the  axis 
of  the  cutter  than  the  one  in  front  of  it.  In  this  manner, 
the  back  of  the  tooth  is  made  to  clear  the  front,  which 
forms  the  cutting  edge.  Sharpening  the  tooth  may  be 
likened  to  the  removal  of  one  or  more  of  the  plates  of  which 
the  real  tooth  was  conceived  to  be  composed,  thus  leaving 
plates  that  have  not  worn  in  readiness  to  cut. 

68.  Formed  Gans  Cutters. — Formed  cutters  may  be 
made  for  an  endless  variety  of  profiles  ;  Fig.  19  will  serve 
as  a  suggestion  of  what  can  be  done.  In  many  cases, 
formed  cutters  may  be  combined  with  ordinary  cutters  or 


Fig.  19. 

with  form  cutters;  the  several  cutters  when  assembled  to- 
gether will  form  a  gang  mill.  Formed  cutters  cannot  be 
made  without  a  special  forming  machine  or  device;  for  this 
reason  they  are  usually  bought  of  manufacturers  that  make 
a  specialty  of  them. 


69.  In  practice,  a  vast  variety  of  milling-machine  cut- 
ters will  be  found  that  at  first  will  appear  unlike  any  that 
have  been  illustrated  here.  When  they  are  analyzed,  how- 
ever, they  will  invariably  be  found  to  belong  to  one  of  the 
several  classes  enumerated ;  in  many  cases  the  distinctive 
features  of  several  classes  may  be  combined  in  a  cutter. 
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CARE  OF  MILLING  CUTTERS. 


KBBPING  CUTTERS  SHARP. 

70.  In  order  that  a  milling  cutter  may  work  to  the  best 
advantage,  it  is  absolutely  essential  that  it  be  kept  sharps 
and  that  all  cutting  edges  be  at  the  same  distance  from  the 
axis  of  rotation  of  the  cutter.  It  is  not  sufficient  that  the 
cutting  edges  be  at  the  same  distance  from  the  axis  of  the 
cutter,  for  if  a  true  cutter  is  mounted  on  an  arbor  that  is 
eccentric,  i.  e.,  runs  out  of  true,  the  cutting  edges  will  not 
be  at  the  same  distance  from  the  axis  of  rotation.  In  con- 
sequence of  this,  some  edges  will  have  to  do  more  work  than 
others;  experience  has  shown  that  if  this  is  the  case,  the 
cutter  can  neither  be  pushed  to  the  full  limit  of  its  capacity 
nor  can  it  produce  as  smooth  work  as  one  ground  true  in 
respect  to  its  axis  of  rotation.  This  fact  is  becoming  more 
generally  realized,  as  evidenced  by  the  increasing  practice 
of  grinding  cutters  while  in  place  in  the  milling  machine. 


EFFECT  OF  DULLNESS. 

71.  Milling  cutters  cannot  be  ground  true  enough  by 
hand  to  allow  the  machines  to  be  worked  to  the  best  advan- 
tage. A  cutter-grinding  machine  is  an  essential  adjunct 
of  the  milling  machine,  and  without  it  the  milling  machine 
is  at  a  serious  disadvantage.  A  dull  cutter  is  distinctly  a 
bad  cutter;  it  should  never  be  used  in  that  condition,  but 
should  be  sharpened  as  soon  as  it  shows  signs  of  becoming 
dull.  A  dull  cutter  will  do  poor  work,  will  require  more 
power  to  drive  it,  and  will  wear  out  faster  than  one  that 
is  kept  sharp.  The  extra  power  required  to  drive  a  dull 
cutter  is  transformed  by  friction  into  heat;  this  heat  tends 
to  soften  the  cutting  edges  and  thus  tends  to  make  them 
wear  faster.  In  formed  cutters  there  is,  in  addition,  a 
wearing  of  the  formed  surfaces  that  will  shorten  the  life 
of  a  cutter  more  than  many  sharpenings. 
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72.  As  an  example  of  what  work  can  be  done  by  a 
cutter  that  is  kept  sharp,  the  Brown  &  Sharpe  Manufac- 
turing Company  state  . 
that  the  worn-out  gear- 
cutter  shown  in  Fig.  20,  __  —-  .  ^^ 
which  is  3i  inches  in  cli-  M  x;:!^^v'--^-<<^ 
ameter,  has  cut  4C7  cast- 
iron  gears,  having  a  face 
3  inches  wide,  with  64 
teeth  of  -Idiametral  pitch. 
This  makes  a  total  length 
of  cut  of  7, 472  feet.  The 
teeth  were  cut  from  the 
solid  blank  and  finished 
in  one  cut.  This  per- 
formance, while  good,  is 
by  no  means  exceptional.                             fio.  aj. 


HOLDING  CUTTERS. 

ARBODH. 

73.  Construction  of  Arbor. — The  ideal  method  of 
driving  the  cutter  is  to  make  it  a  part  of  the  spindle,  and 
this  is  done  to  some  extent  in  milling  machines  designed 
especially  for  side  milling.  In  milling  machines  intended 
for  general  work,  the  cutter  must  be  so  made  that  it  can  be 
easily  removed,  which  condition  precludes  making  it  a  part 
of  the  spindle. 

74.  Cutters  are  most  commonly  clamped  to  an  arbor, 
which  in  turn  is  fitted  to  the  spindle  and  forced  to  rotate 
with  it.  A  common  design  of  an  arbor  is  shown  in  Fig.  21. 
It  has  a  taper  shank  a,  which  fits  a  corresponding  hole  bored 
in  the  spindle.  The  rear  end  of  the  shank  is  flattened  to 
form  the  tang  /,  which  enters  a  corresponding  slot  at 
the  bottom  of  the  tapered  hole  in  the  spindle,  and  which 
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is  expected  to  drive  the  arbor  in  a  positive  manrter.  The 
part  of  the  arbor  that  projects  from  the  spindle  is  made 
cylindrical ;  a  nut  is  placed  on  the  end  of  the  arbor  for  the 
purpose  of  clamping  the  cutter,  which  is  placed  between 
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Fig.  21. 

removable  washers,  as  b^  b.  These  washers  are  made  of 
different  lengths  in  order  to  accommodate  different  widths 
of  cutters,  and  also  to  allow  the  cutter  to  be  placed  in  differ- 
ent positions  along  the  arbor  without  the  necessity  of  having 
a  very  large  number  of  washers. 

75.  Methods  of  Removlnfir  Arbors. — The  particular 
design  of  arbor  shown  is  provided  with  a  nut  directly  in 
front  of  the  shank.  This  nut  when  screwed  against  the 
front  end  of  the  spindle  will  cause  the  arbor  to  be  withdrawn 
from  the  spindle.  More  commonly,  however,  the  arbor  is 
loosened  by  driving  a  tapered  key  behind  the  shank;  in 
some  cases  the  spindle  is  made  hollow  and  the  arbor  is  then 
punched  out  with  a  rod. 

76.  Supporting  Arbors. — The  front  end  of  the  arbor 
usually  has  a  countersunk  center  to  allow  a  dead  center 
to  be  used  for  supporting  it.  Occasionally,  a  cylindri- 
cal teat  r.  Fig.  '21,  is  formed  at  the  front  end;  this  teat  is 
fitted  to  a  bushing  held  in  the  outboard  bearing  and  serves 
to  support  the  arbor.  When  the  machine  has  no  outboard 
bearing,  the  cutter  should  invariably  be  placed  just  as 
close  to  the  spindle  as  circumstances  permit,  since  an  arbor 
is  comparatively  slender  and  will  spring  considerably  even 
under  a  moderate  cut.  When  no  way  of  steadying  the  end 
of  the  arbor  is  available,  thcMi  in  cases  where  the  cutter 
must  be  placed  near  the  end,  the  finishing  must  be  done 
by  light  cuts  in  order  to  keep  the  spring  of  the  arbor  within 
reasonable  limits. 
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77.  Driving  the  Cutter. — In  many  cases  the  cutter 
is  driven  simply  by  the  friction  between  the  sides  of  the 
washers  and  the  sides  of  the  cutter;  this  friction  is  created 
by  screwing  up  the  nut  on  the  end  of  the  arbor.  When  the 
cutter  slips  in  spite  of  repeated  tightening,  it  may  often  be 
made  to  hold  by  placing  washers  made  from  ordinary  wri- 
ting paper  between  the  metallic  washers  and  the  cutter. 
Thin  brass  or  copper  washers  will  also  be  found  useful  for 
this  purpose. 

For  heavy  cutting,  the  cutter  should  be  driven  by  a  key; 
a  good  many  arbors  have  a  semicircular  groove  cut  along 
the  cylindrical  part  to  take  a  round  key,  which  rnay  be 
made  by  cutting  off  a  piece  of  drill  rod  to  the  right  length. 
A  corresponding  semicircular  keyway  is  cut  in  the  bore  of 
the  cutters.  In  some  cases,  the  driving  is  done  by  a  regular 
rectangular  feather;  the  arbor  is  then  splined. 

78.  Precautions    to  be    Talcen    Witti    Arbors. — 

When  the  end  of  the  arbor  is  supported  either  by  a  bushing 
or  by  a  dead  center,  there  is  no  chance  for  the  arbor  to 
become  loose  in  the  spindle,  provided  the  supports  are 
properly  adjusted.  When  the  end  of  the  arbor  is  free,  how- 
ever, it  must  be  driven  home  in  the  spindle  quite  hard,  or  it 
will  come  loose  under  the  vibrations  due  to  the  cutting 
operation.  Before  inserting  the  arbor,  the  hole  in  the 
spindle  should  be  thoroughly  cleaned  of  any  chips  that  may 
have  gotten  into  it,  and  it  should  also  be  free  from  grease  or 
oil.  The  shank  of  the  arbor  must  then  be  cleaned  off  just 
as  carefully,  and  inserted  so  that  the  tang  enters  the  corre- 
sponding slot  in  the  spindle.  It  should  be  driven  home  by  a 
fair,  quick  blow  with  a  heavy  lead  hammer.  In  nine  cases 
out  of  ten,  the  coming  loose  of  the  arbor,  which  is  here  as- 
sumed to  have  been  properly  fitted,  is  due  to  oil  or  grease 
on  the  shank  and  in  the  spindle.  Hence,  if  the  arbor  per- 
sists in  coming  loose,  again  clean  the  shank  and  spindle 
thoroughly.  In  some  cases,  the  shoulders  of  the  tang  may 
strike  the  bottom  of  the  hole  in  the  spindle;  this  can  easily 
be  discovered  by  examining  the  tang.     If  they  do,  the  arbor 
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cannot  be  driven  home  properly,  in  which  case  the  tang 
should  be  ground  off  where  it  bottoms.  Chips  or  dirt  be- 
tween the  collars  may  bow  the  arbor  and  cause  it  to  run  out. 

79.  Arbors  of  the  form  shown  in  Fig.  21  are  made  with 
right-hand  and  left-hand  nuts,  and  the  cutter  used  on  the 
arbor  should  always  have  a  direction  of  rotation  to  suit  the 
direction  of  the  thread.  That  is,  select  a  cutter  that  runs 
in  such  a  direction  that  when  slipping  occurs,  the  tendency 
will  be  to  tighten  the  nut.  Hence,  for  a  left-hand  thread  on 
the  arbor,  the  cutter  should  be  left-handed.  If  the  thread 
is  right-handed,  use  a  cutter  that  must  run  right-handed. 

80«  Shell-Mill  Arbor. — Small  side  mills  and  end  mills 
are  often  so  made  as  to  be  held  in  a  manner  similar  to  that  in 
which  a  shell  reamer  is  held;  the  shell-mill  arbor  shown  in 
Fig.  22  (a)  is  then  used.  This  arbor  has  a  taper  shank  to 
fit  either  the  milling-machine  spindle  or  a  collet  fitted  to 
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the  spindle.  The  shoulder  at  the  end  of  the  cylindrical  part 
a^  which  forms  the  seat  for  the  cutter,  has  two  projections 
that  enter  corresponding  slots  in  the  cutter  and  insure  posi- 
tive driving.  The  cutter  is  confined  lengthwise  by  the  head 
of  the  screw  /?,  which  enters  a  recess  in  the  cutter,  thus 
bringing  the  head  below  the  face  of  the  cutter;  this  is  nec- 
essary for  end  milling  and  some  kinds  of  side  milling. 

81.  Screijv  Arbor. — Small  cutters  are  often  made 
with  a  threaded  hole  and  are  screwed  to  a  screw  arbor  made 
as  shown  in  Fig.  22  {b).     The  direction  of  rotation  of  the 
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cutter  that  can  be  used  with  a  shell-mill  arbor  and  screw  arbor 
is. determined  by  the  direction  of  the  thread  of  the  screw  b. 
Fig.  22  (^),  or  the  screw  at  the  end  of  the  screw  arbor. 
That  is,  for  a  left-handed  thread  use  a  left-handed  cutter; 
for  a  right-handed  thread  use  a  right-handed  cutter. 

82.  Effect  of  Vibration.-— While  it  is  admitted  that 
in  an  arbor  driving  a  cutter  by  positive  means,  as  by  a  key, 
or  by  projections  on  the  shoulder,  there  is  no  danger  of  the 
nut  unscrewing  by  a  slipping  of  the  cutter,  experience  has 
shown  that  the  vibrations  due  to  the  cutting  operation  tend 
to  unscrew  the  nut,  or  the  screw  ^,  Fig.  22  (rt),  unless  its 
thread  is  in  accordance  with  the  statement  made  in  Art.  81. 
If  no  cutter  having  the  proper  direction  of  rotation  is  avail- 
able, the  nut  or  screw  must  be  screwed  home  as  firmly  as 
circumstances  will  permit,  and  the  chance  of  the  cutter 
working  loose  must  be  taken. 

Shell-mill  arbors  and  screw  arbors  are  liable  to  become 
loose  for  the  same  reasons  as  the  ordinary  arbor;  the  same 
precautions  should  be  used  that  were  explained  in  Art.  78. 

83.  Arbor  for  Use  Between  Centers. — Fig.  23 
shows  how  a  milling  arbor  may  be  made  if  the  cutter  is  to 
be  driven  between  centers,  as  occurs  when  a  lathe  is  tem- 
porarily converted  into  a  milling  machine.     The  arbor  is 
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driven  by  a  dog,  the  tail  of  which  engages  with  the  face 
plate.  Such  an  arbor  may  occasionally  be  used  for  a  regular 
milling  machine  having  an  outboard  bearing;  a  live  center 
must  then  be  placed  in  the  milling-machine  spindle  and  suit- 
able arrangements  made  for  driving  the  arbor. 
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COLLETS. 

84.  Plain  Collet. — A  collet  is  a  socket  used  for  bush- 
ing down  the  hole  in  the  milling-machine  spindle  so  that 
smaller  arbors  or  shanks  can  be  held.  Fig.  24  {a)  shows 
how  such  collets  are  usually  made.  The  outside  fits  the 
milling-machine  spindle ;  the  inside  is  bored  out  true  with 
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the  outside,  so  that  an  arbor  inserted  in  the  collet  will  run 
true  when  the  collet  is  in  the  machine.  The  tang  of  the 
arbor  or  of  the  cutter  shank  projects  into  the  slot  a  ;  the 
arbor  can  be  removed  from  the  collet  by  driving  a  taper  key 
into  the  slot  behind  the  tang. 


85.  With  constant  use,  a  collet  will  enlarge  somewhat 
inside,  so  that  the  shank  of  the  arbor  or  cutter  will  finally 
bottom.  A  thin  piece  of  writing  paper  may  then  be 
wrapped  around  the  shank;  the  paper  must  not  be  so  wide 
as  to  lap,  however.  While  this  is  a  makeshift  at  best,  it  is 
one  that  will  often  prove  very  handy.  The  same  thing  may 
be  done  when  the  cutter  shank  or  arbor  docs  not  bottom  in 
the  hole,  but  has  its  tang  projecting  so  far  into  the  slot  a 
that  it  will  not  be  possible  to  get  a  key  in  to  drive  the  shank 
out  after  it  is  driven  home.  The  key  is  usually  made  as 
shown  in  Fig.  24  {/?);  a  hole  is  drilled  near  the  large  end  so 
that  a  chain  can  be  attached  to  it  and  to  some  stationarv 
part  of  the  machine.  This  insures  finding  the  key  when 
it  is  wanted. 
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86.     Chuck  Collet. — Small  cutters  are  often  made  with 
a  cylindrical  shank,  and  very  small  cutters  are  made  from 
drill    rod.      Such  cut- 
ters  may   be   held  by 


taR- 


means  of   the  chuck 

collet  shown  in   Fig.      ^       ^     \ 

25.     The  front  end  of  p^^  ^ 

the  collet  is  bored  out 

cylindrically,  and  so  that  the  axis  of  the  cylindrical   hole 

coincides  with  the  axis  of  the  shank  a.      A  nut  d  having  a 

plain  tapered  part  is  fitted  to  the  front  end,  which  latter 

has  been  split  into  three  parts.     By  reason  of  the  front  end 

being  tapered  on  the  outside,  the  screwing  up  of  the  nut  d 

will  close  the  split  part  on  the  shank  of  the  cutter,  thus 

holding  it  centrally  and  firmly. 

87.  The  chuck  collet  shown  is  open  to  one  objection, 
which  is  that  all  cutters  to  be  used  with  it  must  have  the 
same  diameter  of  shank.  If  a  chuck  collet  is  intended  to 
take  straight  shanks  of  varying  diameter,  a  high  grade  drill 
chuck  of  the  Almond  or  Beach  type  may  be  attached  to  a 
shank  fitting  the  milling-machine  spindle. 


CHUCKS  AND  PACB  PLATBS. 

88.  Self-centering  lathe  chucks  may  often  be  fitted  to 
the  spindle  for  holding  cutters  having  larger  shanks  than 
the  drill  chuck  will  receive.  For  some  work  a  single-tooth 
cutter  may  be  mounted  in  a  slot  of  a  face  plate  fitted  to  the 
spindle.  Such  a  construction  does  not  differ  essentially 
from  that  of  a  fly  cutter,  being  simply  a  fly  cutter  on  a 
larger  scale.  A  cutter  attached  to  a  face  plate  will  be 
found  of  great  service  in  finishing  a  surface  to  a  circular 
profile  having  a  given  radius.  While  this  can  be  done  to 
the  best  advantage  with  a  regular  milling  cutter  made 
especially  to  the  required  radius,  the  fact  remains  that  in 
many  cases  the  expense  of   making  such  a  cutter  is  not 
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warranted  by  the  conditions,  and  a  face-plate  cutter  will  then 
prove  an  excellent  inexpensive  substitute. 

89.  Fig.  2G  shows  the  general  idea  of  a  face-plate  cut- 
ter"; its  similarity  to  the  fly  cutter  will  be  apparent.  Re- 
ferring to  the  figure,  the  face  plate  a  is  seen  to  be  threaded 
so  as  to  screw  on  the  spindle.     The  cutter  c  is  adjustable  in 
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the  slot  ^,  and  can  be  clamped  by  tightening  the  nut  d. 
The  shank  of  the  cutter  should  have  a  rectangular  cross- 
section  so  that  the  cutter  will  not  turn  in  the  slot. 

90.  If  a  circular  milling  cutter  of  the  right  profile,  but 
of  smaller  diameter,  is  available,  the  expense  of  making  a 
single-tooth  cutter  can  often  be  saved  by  clamping  the 
regular  cutter  to  the  face  plate,  passing  the  clamping  bolt 
through  the  slot  in  the  face  plate.  The  cutter  is  then 
placed  with  one  of  its  cutting  edges  in  the  position  occupied 
by  the  cutting  edge  of  the  fly  cutter  shown  in  the  illustra- 
tion, and  after  adjusting  it  to  the  ^required  radius,  it  is 
clamped.  Any  ordinary  bolt  may  be  used  for  clamping. 
The  setting  of  the  cutter  so  as  to  mill  a  given  radius  is  not 
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a  particularly  difficult  matter.  The  cutting  edge  must  be 
set  at  a  distance  from  the  periphery  equal  to  the  difference 
in  the  required  radius  and  the  radius  of  the  face  plate. 
When  the  cutter  projects  considerably  from  the  face  of  the 
face  plate,  the  blade  of  a  try  square  may  be  placed  on  the 
cutting  edge  and  the  stock  held  against  the  face  plate; 
the  distance  from  the  edge  of  the  blade  to  the  periphery 
may  then  be  measured  with  a  steel  rule. 

When  a  regular  milling  cutter  is  used  as  a  fly  cutter,  it  is 
advisable  to  drive  a  dowel-pin  into  the  face  plate  in  such  a 
position  that  it  will  come  between  two  teeth,  and  thus  pre- 
vent rotation  under  the  pressure  of  the  cutting  operation. 


PREPARATION  OF  STOCK. 

91.  The  term  stock,  when  used  in  connection  with  a 
milling  operation,  refers  to  the  work  in  its  rough  condition. 
The  success  of  the  milling  operation  depends  to  a  large  ex- 
tent on  the  condition  in  which  the  stock  reaches  the  milling 
machine.  If  the  stock  is  hard,  either  in  spots  or  all  over, 
as  is  the  case  with  unannealed  tool  steel  and  often  with 
forgings,  or  if  the  stock  has  a  hard  skin,  as  is  usually  the 
case  with  iron  castings  and  steel  castings,  the  hardness 
will  cause  the  cutter  to  dull  rapidly,  which  prevents  the 
machine  being  worked  to  the  best  advantage. 

92.  In  some  cases,  the  stock  is  as  soft  as  it  can  be  ren- 
dered; no  further  preparation  is  then  feasible  or  necessary. 
In  other  cases,  the  stock  can  readily  be  softened  and  thus 
be  put  into  a  better  condition  for  milling.  The  softening 
may  consist  of  a  removal  of  hard  scale  by  pickling  and  rat- 
tling, or  uniform  softening  by  annealing,  or  maybe  a  com- 
bination of  these  methods. 

93.  Iron  and  steel  castings,  when  they  leave  the  mold, 
usually  have  a  hard,  glossy  skin,  or  scale,  as  it  is  called,  in 
which  sand  is  frequently  embedded.  This  scale,  when  the 
size  of  the   casting   allows   it,    can  be   pretty    thoroughly 
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removed  by  rattling  the  castings  in  a  foundry  rattler^  or 
tumbler^  as  some  call  it.  Castings  of  a  size  and  shape  that 
prohibit  tumbling  may  have  the  scale  softened  so  that  it 
will  crumble  easily  by  plckllns^.  This  is  done  by  placing 
the  castings  for  from  10  to  15  minutes  into  an  acid  bath  com- 
posed of  1  part  of  sulphuric  acid  to  25  parts  of  boiling  water. 
After  pickling,  the  castings  must  be  thoroughly  washed  in 
clean  boiling  water  in  order  to  remove  all  traces  of  the  acid, 
which  would  cause  them  to  rust  very  rapidly.  A  hard  scale 
is  often  found  on  forgings.  This  may  also  be  removed  by 
rattling  or  pickling. 

94.  When  castings  or  forgings  are  found  too  hard  to 
mill  easily,  even  after  the  scale  has  been  removed,  they  may 
be  annealed  by  heating  them  very  slowly  to  a  dull-red  heat, 
and  allowing  them  to  cool  gradually.  The  annealing  will 
have  the  further  advantage  of  releasing,  to  a  large  extent, 
the  internal  stresses  that  have  been  set  up  in  forging  or 
casting.  This  reduces  the  extent  to  which  the  shape  of  the 
work  will  change  after  machining. 


CUTTING  SPEEDS  AND  FEEDS. 


CUTTING  SPEEDS. 

95.  Owing  to  the  large  variety  of  work  that  may  be  done 
by  milling,  no  hard  and  fast  rules  in  regard  to  proper  cut- 
ting speed  and  feed  per  tooth  can  be  given  as  applicable  to 
all  cases.  When  much  work  of  the  same  kind  is  to  be  done, 
it  is  well  to  experiment  a  little,  starting  in  with  a  feed  and 
speed  that  judgment  indicates  to  be  conservative,  and  vary- 
ing both  gradually  imtil  the  maximum  production  at  the 
minimum  expense  per  piece  has  been  obtained. 

96.  The  cutting  speed  depends  on  several  factors,  one 
of  which  is  the  character  of  the  material  to  be  milled,  i.  e., 
its  resistance  to  being  severed  by  the   milling  cutter.     It 
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may  be  stated  as  a  general  rule  that  the  harder  the  material 
the  slower  the  cutting  speed  must  be.  Thus,  unannealed 
tool  steel  calls  for  a  low  cutting  speed,  while  soft  brass 
castings  can  be  advantageously  milled  at  a  much  higher 
speed.  In  order  to  aid  the  milling-machine  operator  in 
judging  about  where  to  commence  to  experiment,  the 
average  cutting  speeds  for  different  materials  are  here  given. 
A  peripheral  (surface)  speed  of  15  feet  per  minute  can 
rarely  be  exceeded  in  unannealed  tool  steel.  If  well  an- 
nealed, the  speed  may  be  increased  to  25  feet  per  minute. 
Wrought  iron,  soft  machinery  steel,  and  hard  white-iron 
castings  can  be  successfully  machined  at  a  speed  of  from 
30  to  40  feet  per  minute.  Medium-hard  iron  castings,  phos- 
phor bronze,  tobin  bronze,  aluminum  bronze,  and  similar 
very  tough  copper  alloys  may  stand  a  cutting  speed  of 
50  feet  per  minute,  which  can  be  increased  to  60  feet  for 
common,  soft  gray-iron  castings,  soft  steel  castings,  and 
malleable-iron  castings.  Red-brass  castings,  more  com- 
monly but  wrongly  designated  as  gun-metal  castings,  will 
stand  a  cutting  speed  of  80  feet  per  minute;  this  can  be 
easily  increased  to  100  feet  for  yellow  brass. 

97.  Another  factor  that  enters  into  the  selection  of  a 
proper  cutting  speed  is  the  presence  or  absence  of  provision 
for  carrying  away  the  heat  generated  in  the  cutting  opera- 
tion. This  heat  may  be  carried  away  by  flooding  the  work 
and  cutter  with  oil  or  soda  water  during  the  milling  opera- 
tion; when  this  is  done  while  a  sharp  cutter  is  u.sed,  the 
cutting  speed  may  be  as  much  as  50  per  cent,  in  excess  of 
that  possible  in  dry  milling. 

98.  A  sharp  cutter  will  easily  stand  a  higher  cutting 
speed  than  a  dull  one;  in  this  respect  a  milling  cutter  \n 
analogous  to  a  lathe  tool.  It  may  be  stated  that  the  duller 
the  cutter  the  more  heat  will  be  generated  per  revolution; 
hence  in  order  to  give  a  chance  for  this  heat  to  disftipatr: 
into  the  work  and  surroundin<Lj  atmr>sphere  so  that  th^  rut- 
ting edges  will  not  become  overheated,  the  revolution.*!  per 
minute  must  be  lowered. 
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FEEDS. 

99.  The  rate  of  feed  depends  on  the  pitch  of  the  teeth, 
the  provision  made  for  clearing  out  the  chips,  the  rigidity 
of  the  work  and  machine,  the  manner  in  which  the  work  is 
held,  and  the  degree  of  finish  desired. 

When  milling  cutters  were  first  made,  they  were  con- 
structed with  teeth  having  a  very  fine  pitch.  Experience 
quickly  showed  that  the  chips  would  clog  up  the  spaces  be- 
tween the  teeth,  packing  in  so  closely  that  the  cutter  would 
refuse  to  cut  at  all  except  when  a  very  fine  feed  was  em- 
ployed. Such  cutters,  instead  of  cutting,  really  nibbled  away 
little  crumbs  of  metal,  as  it  might  be  expressed  for  want  of 
a  better  term.  It  became  gradually  understood  that  by 
making  the  pitch  of  the  teeth  coarser,  a  distinct  chip  could 
be  taken,  whose  size,  so  far  as  the  cutter  was  concerned, 
was  limited  only  by  the  size  of  the  space  between  the  teeth 
and  the  provision  made  for  clearing  out  this  space.  From 
this  the  conclusion  may  be  drawn  that,  other  conditions  per- 
mitting, the  rate  of  feed  per  tooth  can  be  greater  as  the 
pitch  of  the  teeth  is  made  larger.  The  rate  of  feed  obvi- 
ously must  never  be  so  large  as  to  break  the  tooth. 

100.  The  rigidity  of  the  work,  that  is,  its  resistance 
to  a  change  of  form  under  the  pressure  of  the  cutting  oper- 
ation, exercises  a  powerful  influence  over  the  rate  of  feed. 
Therefore,  if  the  work  will  spring  easily,  a  fine  feed  must 
be  employed ;  when  it  is  very  rigid  the  feed  can  be  increased 
up  to  the  limit.  Likewise,  if  the  work  is  substantially 
held,  a  coarser  feed  is  permissible  than  when  it  is  lightly 
held. 

As  stated  in  Art.  99,  the  permissible  feed  is  influenced 
largely  by  the  space  available  between  the  teeth  for  the  re- 
ception of  the  chip.  Evidently,  this  space  can  be  filled 
either  by  a  heavy  and  short  chip  or  a  fine  and  long  chip  of 
equal  volume.  From  this  the  conclusion  may  be  drawn 
that  for  a  shallow  roughing  cut  the  feed  may  be  coarse,  and 
that  increasing  the  depth  of  the  cut  requires  a  decrease  of 
the  feed. 
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101.  The  degree  of  finish  desired  largely  influences  the 
choice  of  feed.  As  a  general  rule,  it  may  be  stated  that  for 
roughing  out,  a  relatively  low  cutting  speed  and  a  heavy 
feed  will  be  found  advantageous,  while  for  finishing,  a 
higher  cutting  speed  and  fine  feed  is  needed.  The  only 
exception  is  in  the  case  of  side  milling  with  inserted-tooth 
or  inserted-blade  cutters.  Here  a  wide,  flat-nosed  cutting 
edge  can  be  used,  and,  consequently,  a  very  wide  feed  is 
permissible. 

Another  point  that  must  be  taken  into  consideration  when 
experimenting  for  a  proper  feed  and  cutting  speed  for  a 
particular  job,  is  the  difficulty  of  resetting  some  forms  of 
gang  cutters  after  sharpening  so  that  they  will  cut  exactly 
the  same  shape  as  before.  In  such  cases,  it  will  occasionally 
prove  more  economical  to  use  a  slower  speed  and  lighter  feed 
in  order  to  make  the  cutter  last  longer  and  thus  save  the 
time  required  for  resetting  it  after  it  has  been  sharpened. 

102.  The  peripheral  speed  (the  cutting  speed)  of  a 
milling  cutter  can  readily  be  found  in  feet  per  minute  by 
multiplying  its  diameter,  in  inches,  by  3.1416  and  by  the 
number  of  revolutions  per  minute,  and  dividing  the  product 
by  12.  The  revolutions  per  minute  can  be  obtained  by 
using  a  speed  indicator,  which  is  an  instrument  made  for 
this  purpose. 

Example. — A  cutter  3  inches  in  diameter  makes  120  revolutions  per 
minute.     What  is  its  cutting  speed  in  feet  per  minute  ? 

Solution. — Applying  the  rule  given  in  Art.  102,  we  get 

3x  3.1416  X  120 


12 


=  94.^5  feet.     Ans. 


103.  Tables  I  and  II  were  calculated  by  Mr.  C.  C. 
Stutz  and  first  published  in  **  Machinery."  These  tables 
are  very  useful  for  finding  the  cutting  speeds  of  milling  cut- 
ters when  the  diameter  of  the  cutter  and  the  number  of 
revolutions  per  minute  are  known.  Likewise,  if  a  cutting 
sf)eed  has  been  selected  and  the  diameter  of  the  cutter  is 
known,  the  number  of  revolutions  it  must  make  per  minute 
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can  be  taken  directly  from  the  table.  These  tables  are  appli- 
cable to  lathe  work  as  well,  by  considering  the  diameter  of 
the  work  instead  of  the  diameter  of  the  milling  cutter. 

1 04.  Suppose  the  diameter  of  the  cutter  (or  work)  is 
given,  and  a  cutting  speed  has  been  selected.  To  find 
the  corresponding  number  of  revolutions,  look  in  the  first 
line  at  the  top  for  the  nearest  diameter.  Follow  down  the 
column  headed  by  the  diameter  until  a  cutting  speed  nearest 
to  the  one  selected  is  found.  In  the  first  column  at  the 
left  will  be  found  the  corresponding  number  of  revolutions 
per  minute. 

1 05.  When  the  revolutions  per  minute  and  the  diameter 
of  the  cutter  (or  work)  are  known,  to  find  the  correspond- 
ing cutting  speed,  look  in  the  first  column  at  the  left  for  the 
nearest  number  of  revolutions.  Follow  this  line  to  the 
right  until  the  column  headed  by  the  diameter  is  reached. 
In  this  column  and  on  the  same  line  with  the  number  of 
revolutions,  the  corresponding  cutting  speed  will  be  found. 
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MILLING-MACHINE   WORK. 

(PART  2.) 


LUBRICATION. 


INTRODUCTION. 

1.  Purpose  of  Lubrication. — An  ample  lubrication 
of  a  milling  cutter  during  the  cutting  operation  not  only 
decreases  the  friction  and  thus  lessens  the  heating  of  the 
work  and  cutter,  but  also  carries  the  heat  away  to  an  extent 
depending  on  the  character,  volume,  and  method  of  appli- 
cation of  the  lubricant  employed. 

The  carrying  away  of  the  heat  is  probably  the  chief  benefit 
derived  from  an  ample  application  of  a  lubricant,  experience 
having  shown  that  keeping  the  cutting  edges  cool  largely 
prevents  them  from  becoming  dull.  A  proper  application 
of  the  lubricant  will  also  quite  effectively  prevent  the  chips 
from  filling  up  the  spaces  between  the  teeth  of  the  cutter, 
and  will  consequently  permit  an  increase  in  the  rate  of  feed. 

2.  Materials  Requiring  Lubrication. — Experience 
has  shown  that  no  lubrication  is  required  for  milling  ordi- 
nary gray  cast-iron  and  yellow-brass  castings.  For  milling 
wrought  iron,  steel,  steel  castings,  malleable-iron  castings, 
hard  cast  iron,  bronze,  copper,  and  the  various  tough  copper 
alloySy  lubrication  of  some  sort  is  usually  either  necessary 
or  advisable. 

§U 
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LUBRICANTS. 

3.  The  lubricant  generally  used  for  milling  cutters  is 
either  some  oil  or  a  mixture  of  some  oil  with  soda  water 
and  other  ingredients.  While  oil  alone  is  probably  the  best 
lubricant,  it  is  also  the  most  expensive ;  for  this  reason,  it  is 
rarely  used  for  any  other  than  small,  fine  milling,  where 
ample  provision  may  be  made  for  catching  most  of  the 
surplus  oil  and  the  chips.  A  cheap  mixture  of  oil  with  other 
ingredients  is  usually  preferred  for  cases  where  the  surplus 
oil  cannot  readily  be  saved. 

4.  Pure  lard  oil  is  by  many  conceded  to  be  the  best 
lubricant  for  milling  cutters,  since  it  has  sufficient  body  to 
make  it  adhere  well,  and,  furthermore,  it  thickens  very 
slowly  from  age  and  use.  Its  only  drawback  is  the  com- 
paratively high  first  cost.  Some  of  the  so-called  fish  oils 
are  considerably  cheaper  than  a  good  grade  of  lard  oil,  and 
are  considered  by  some  to  be  fair  substitutes.  If  most  of 
the  drippings  and  chips  are  caught,  the  oil  may  be  separated 
by  some  form  of  oil  separator,  of  which  a  number  are  in  the 
market,  in  which  case  a  high-priced  lard  oil  will  often 
prove  the  cheapest  in  the  long  run,  since  its  superior  lubri- 
cating qualities  enable  more  work  to  be  done. 


MKTHODS  OF   LUBRICATION. 

5-  Choice  of  Method. — The  choice  of  a  method  of 
applying  a  lubricant  naturally  depends  on  the  service  in 
which  the  machine  is  engaged.  When  only  a  few  pieces 
are  to  be  milled,  an  expensive  lubricating  system  is  scarcely 
advisable;  when  the  machine  is  constantly  employed  on 
duplicate  work,  an  elaborate  lubricating  system  will  usually 
pay  for  itself  in  a  short  time  by  reason  of  the  decrease  in 
cost  of  maintenance  of  cutters  and  increase  in  production. 

The  different  methods  of  applying  a  lubricant  to  a  milling 
cutter  are  by  a  brusJi^  by  a  gravity  feed,  and  by  a  pump, 

6.  By  BruHh. — The  simplest  method  of  lubrication 
consists  of  applying  the  lubricant  to  the  cutter  with  a  brush. 
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This  method  is  well  adapted  to  delicate  work  where  light 
cuts  are  taken.  The  oil  supply  being  intermittent  in  this 
case,  it  must  be  frequently  renewed,  the  chips  at  the  same 
time  being  cleared  out  from  between  the  teeth  of  the  cutter. 
In  applying  the  brush,  care  must  always  be  taken  to  so 
apply  it  that  there  is  no  likelihood  of  the  brush  being  drawn 
toward  the  work  by  the  cutter;  that  is,  apply  it  to  the  side 
of  the  cutter  that  runs  away  from  the  work.  A  stiff,  long- 
handled,  bristle  brush  is  preferable  for  this  work;  camel's- 
hair  brushes  are  too  soft  for  an  efficient  removal  of  the 
chips. 

7.  By  Gravity. — In  general,  a  constant  lubrication  is 
preferable  to  an  intermittent  one.  For  this  purpose  a  can 
or  a  small  tank  may  be  placed  at  some  distance  above  the 
cutter;  a  bent  drip  pipe  with  a  stop-cock  in  it  may  be  used 
forconveying  the  lubricant  to  the  top  of  the  cutter.  The 
rate  of  flow  is  then  adjusted  by  turning  the  stop-cock. 
Such  a  tank  is  furnished  with  most  milling  machines;  many 
machines  have  the  table  so  designed  as  to  catch  all  the 
drippings  and  chips.  The  lubricant  is  then  drained  off  into 
a  suitable  receptacle,  and  after  being  strained  or  otherwise 
purified,  it  may  be  used  again. 

8.  When  no  provision  has  been  made  for  catching  the 
drippings,  a  suitable  drip  pan  may  be  placed  under  the 
work.  Such  a  drip  pan  may  easily  be  made  fnjm  a  piece  of 
sheet  tin,  bent  up  to  form  a  box,  A  piece  of  brass  wire 
gauze  having  about  60  meshes  to  the  inch  may  be  soldered 
to  a  frame  placed  into  the  drip  pan,  so  that  the  gauze  is 
about  1  inch  above  the  bottom  of  the  pan.  This  will  strain 
the  lubricant  automatically  to  a  fairly  satisfactory  extent; 
as  soon  as  the  drip  pan  is  full,  the  strainer  with  the  chips  is 
lifted  off  and  the  strained  lubricant  poured  into  the  tank. 
After  the  lubricant  has  been  used  a  number  of  times,  it 
requires  straining  in  some  more  efficient  manner. 

ft.     By  PumplnfE- — A  constant  stream  of  lubricant  will 
not  only  keep  the  cutter  sharp  for  a  greater  length  of  time, 
but  will  also  wash  the  chips  out  of  the  cutter.     This  fail 
S.  yoL  II.— so. 


4  MILLING-MACHINE  WORK.  §14 

has  gradually  become  so  weli  recognized  that  it  is  becom- 
ing quite  universally  the  practice  to  pump  the  lubricant  on 
the  cutter  in  a  constant  stream  under  a  light  pressure.  As 
a  general  rule  the  pump  used  is  a  rotary  force  pump,  which 
is  driven  directly  from  some  rotating  part  of  the  machine. 

lO.  Fig.  1  shows  the  arrangement  adopted  by  one 
manufacturer  for  a  machine  intended  for  fairly  heavy  mill- 
ing.     In  the  illustration  a  rotary  pump  a  is  shown  attached 


to  the  frame  of  the  machine.  This  pump  is  driven  by  a 
belt  from  the  coimiershaft  l>,  which  is  carried  by  a  bracket 
bolted  to  the  frame.  The  suction  end  of  the  pump  connects 
with  the  tank  c  holding   the   lubricant,  which  is  pumped 
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[hrough  the  pipe  system  d  d  and  is  delivered  directly  on 
the  cutter.  In  order  to  accommodate  different  sizes  and 
|H>siti<>ns  of  the  cutter,  the  upper  part  of  the  piping  has 
swivel  joints  and.  hence,  can  be  arranged  to  deliver  the 
kibricant  where  it  will  be  most  effective.  The  quantity  of 
lubricant  that  is  discharged  can  be  regulated  by  the  stop- 
rork  r.  The  pump  a  runs  at  a  constant  speed  and  conse- 
ipifntty  delivers  a  constant  volume  of  lubricant.  When 
Ifss  than  this  quantity  is  used,  the  rising  of  the  pressure  in 
the  pipe  system  will  open  the  relief  valve/",  and  the  excess 
will  pass  back  into  the  tank.  In  the  machine  shown,  a 
gutter  extends  around  the  table,  from  which  the  lubricant 
drains  into  the  trough  g,  and  then  through  the  flexible  tu- 
bing k  back  to  the  tank.  It  is  thus  seen  that  the  lubricant 
b^  used  over  and  over  again ;  the  only  lubricant   lost   is  that 

dhering  to  the  chips,  but  a  large  percentage  of  this  can  be 

Bcovered  if  a  separator  is  available. 

11,  When  the  lubricant  is  supplied  in  a  constant 
ream,  it  is  well  to  discharge  it  as  close  to  the  cutter  as  cir- 
imstances  permit,  in  order  to  prevent  splashing;  it  should 
I  delivered  preferably  in  such  a  direction  that  the  issuing 
ream  will  tend  to  wash  the  chips  out  of  the  cutter  and 
ray  from  the  cuts. 

12.  Internally  l,ul>rlca(ed  Cutter.  —  The  advan- 
ces to  be  derived  from  a  furtcd  system  nf  lubrication  so 


sfe-r 


(ed  as  to  effiecliv.ly  <lcar   the  cutter  have   ted    to  the 

jn   of   internally  lubricated    cutters.     Such   a  cutter, 

Lcnted  by  the   Newton  Machine  Too!  Works,  is  shown  in 
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Fig.  2.  Referring  to  the  figure,  the  arbor  a  is  seen  to  have 
a  central  hole  drilled  into  it;  this  hole  extends  nearly  to  the 
plane  of  the  shoulder  against  which  the  cutter  is  clamped. 
A  number  of  radial  holes,  as  b^  by  are  drilled  through  the 
arbor,  and  hence  the  recess  within  the  cutter  c  is  in  com- 
munication with  the  central  hole  of  the  arbor.  A  number  of 
holes,  as  d^  d,  are  drilled  in  the  clearance  spaces  through 
the  shell  of  the  cutter.  The  lubricant  is  pumped  through  a 
tube  e  into  the  arbor  and  issues  in  fine  streams  through  the 
holes  dy  d,  thus  effectually  clearing  the  cutter  of  chips  and 
applying  the  lubricant  where  it  is  most  needed,  that  is, 
directly  to  the  cutting  edges.  The  end  of  the  arbor  is 
tapering,  and  fits  a  tapered  hole  of  the  stationary  bushing/, 
which  is  placed  in  the  outboard  bearing.  This  construc- 
tion allows  the  arbor  to  revolve,  but  prevents  any  escape  of 
the  lubricant  except  through  the  radial  holes  in  the  arbor. 


SELECTION    OF    CUTTER. 


CONDITIONS  GOVERNING   THE  CHOICE. 

13.  The  Helection  of  a  cutter  for  a  job  is  a  matter 
that  depends  not  only  on  the  nature  of  the  work,  but  also 
on  the  construction  of  the  machine,  the  attachments  to 
the  machine,  the  rigidity  of  the  work  itself,  the  manner 
in  which  it  can  be  or  is  held,  and  the  cutters  that  are  avail- 
able. For  instance,  if  a  large  surface  of  a  rather  springy 
casting  is  to  be  finished  by  milling,  it  will  often  be  out  of 
the  question  to  use  a  wide  cylindrical  plain  cutter,  because 
the  pressure  of  the  cutting  operation,  even  with  a  very  fine 
cut,  may  be  sufficient  to  seriously  spring  the  work.  But,  if 
a  small  end  mill  is  used,  it  may  be  possible  to  make  a  very 
satisfactory  job  of  machining  the  casting. 

14.  Some  machines  are  so  constructed  that  only  side 
milling  cutters  can  be  used,  hence  the  operator  has  no  lati- 
tude at  all  in  the  choice  of  a  cutter.  Other  machines  have 
no  outboard  bearing  to  support  the   arbor;  it  would  be  a 
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mistake  to  select  a  wide  cylindrical  plain  cutter  for  finish- 
ing a  wide  plane  surface  in  such  a  machine,  since  the  spring 
of  the  arbor  even  under  a  very  light  cut  may  be  sufficient  to 
condemn  the  work.  In  such  a  case,  a  side  mill  or  end  mill 
would  probably  prove  satisfactory. 

15.  When  surfaces  parallel  to  the  line  of  motion  are  to 
be  finished  at  an  angle  to  each  other,  it  usually  becomes  a 
question  of  attachments,  cutters,  and  type  of  machine  avail- 
able. For  instance,  in  a  plain  milling  machine  it  may  be 
possible  to  do  the  job  only  by  the  use  of  angular  cutters;  in 
a  universal  milling  machine,  when  the  job  may  be  held 
between  centers,  it  might  be  done  by  a  cylindrical  plain 
cutter,  and  so  on. 

16.  When  the  choice  has  narrowed  down  to  a  certain 
type  of  cutter,  the  question  of  which  kind  of  the  chosen  type 
of  cutter  will  remove  the  most  stock  at  the  least  expense 
often  becomes  a  very  pertinent  one.  Suppose  that  it  has 
been  determined  that  a  cylindrical  plain  cutter  is  to  be  used. 
Then,  if  the  surface  is  narrow,  a  straight-tooth  cutter  should 
be  selected,  and  if  heavy  milling  (i.  e.,  the  removal  of  a 
large  amount  of  stock)  is  required,  a  nicked  cutter  or  its 
equivalent  (an  inserted-tooth  cutter)  would  be  selected. 

1 7.  When  it  is  a  question  of  whether  a  plain  mill,  a  side 
mill,  or  an  end  mill  is  to  be  used,  it  is  to  be  observed  that 
for  side  milling  and  end  milling  less  power  is  usually  re- 
quired. Furthermore,  when  the  cutter  must  pass  over 
slender  or  pointed  parts  of  the  work,  there  is  less  springing 
and  less  breaking  of  the  edges  with  a  side  cutter  or  end 
cutter  than  with  a  plain  cutter.  On  the  other  hand,  the 
plain  cutter  will  usually  produce  the  work  in  less  lime,  and 
IS  the  one  to  use  when  other  circumstances  permit  it. 

18.  Considering  now  the  case  of  grooving,  when  the 
groove  is  straight,  it  can  usually  be  cut  cheapest  by  plain 
cutters,  slitting  cutters,  or  formed  cutters,  depending  on 
the  profile  of  the  groove.  When  the  groove  follows  a  heli- 
cal path,  it  can  be  cut  by  an  end  mill,   a  form  cutter,  a 
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formed  cutter,  or  an  angular  cutter;  when  the  cross-section 
of  a  helical  groove  is  required  to  be  rectangular,  a  plain  mill- 
ing cutter  or  slitting  cutter  cannot  be  used,  but  an  end  mill 
must  be  employed  instead.  When  grooves  following  an  ir- 
regular path  are  to  be  cut,  an  end  mill  will  almost  invariably 
have  to  be  used,  although  it  may  be  possible  occasionally 
to  use  plain  mills  or  formed  mills  for  part  of  the  groove. 

Prom  the  foregoing  statements  it  will  be  seen  that  the 
selection  of  a  cutter  is  a  matter  of  judgment,  which  must  be 
based  on  practical  experience  with  different  milling  opera- 
tions. 


DIAMETER  OF  CUTTER. 

19.  The  diameter  of  the  cutter  has  an  appreciable 
influence  over  the  length  of  time  required  to  machine  a  sur- 
face.    As  a  general  rule,  it  may  be  stated  that  with  equal 


FlO.  3. 


feeds  per  minute,  a  small  cutter  will  pass  over  a  surface  in 
less  time  than  a  large  cutter.     In  order  to  show  the  reason 
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for  this  statement,  Fig.  3  has  been  drawn;  it  shows  in  dia- 
grammatic form  the  positions  occupied  by  cutters  of  differ- 
ent diameters  when  they  begin  and  cease  to  cut.  Referring 
to  Fig.  3  (rt),  let  a  be  the  surface  that  is  to  be  machined  by 
an  end  mill.  Let  the  circle  b  represent  the  diameter  of  one 
of  the  two  cutters  that  are  available,  and  let  c  be  the  diam- 
eter of  the  other.  Then,  at  the  beginning  of  the  cut  the 
cutters  will  be  in  the  positions  shown,  and  their  axes  will  be 
at  d  and  c.  Now,  in  order  to  pass  clear  across  the  surface  a^ 
the  cutter  b  must  advance  to  b\  and  its  axis  will  then  be 
at  d\  It  is  seen  that  the  length  of  the  path  of  b  is  equal  to 
the  distance  dd\  while  the  length  of  the  path  of  c  is  equal 
to  ee\  But,  ec^  is  much  greater  than  dd\  which  shows 
that  a  small  cutter  will  travel  over  a  shorter  distance  than  a 
large  cutter  in  prder  to  pass  over  the  same  surface.  The 
same  statement  applies  to  plain  cutters,  angular  cutters, 
formed  cutters,  etc. 

20.  Referring  to  Fig.  3  (^),  assume  that  the  work  a  is 
to  be  milled  down  to  the  dotted  line  x y,  and  that  b  and  c 
show  thQ  diameter  of  two  plain  mills  when  set  to  begin  cut- 
ting. Then,  in  order  to  pass  across  the  work,  the  cutter  b 
must  travel  the  distance  d d\  while  the  cutter  rmust  travel 
the  distance  e  e\  which  is  greater. 

21«  A  person  must  not  fall  into  the  error  of  assuming 
from  the  foregoing  that  the  mere  fact  of  one  cutter  being 
smaller  than  the  other  means  in  itself  that  the  work  can  be 
machined  quicker  in  every  case  by  using  the  smaller  cutter, 
since  it  is  only  when  circumstances  permit  equal,  or  nearly 
equal,  rates  of  feed  per  minute  that  the  smaller  cutter  will 
have  the  advantage.  Under  these  conditions,  on  sk>me 
classes  of  work  a  saving  as  high  as  10  per  cent,  may  be  ef- 
fected in  the  time  cost  by  the  difference  of  only  J  inch  in  the 
diameters  of  the  cutters.  It  is  well  to  bear  in  mind  that 
the  saving  effected  by  the  use  of  the  smaller  cuttrrr  is  firo- 
portionally  greater  for  short  work  than  for  lon((  work.  Rf!- 
feiTing  to  Fig.  3  (a),  the  distance  saved  by  the  use  of  the 
smaller  cutter  is  ed-^  d' ^.     Evidently,  this  saving  for  the 
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given  difference  in  diameters  remains  constant,  no  matter 
what  the  length  of  the  work,  and  it  follows  from  this  that 
the  ratio  between  the  saving  effected  and  the  total  distance 
traveled  by  the  larger  cutter  becomes  less  as  the  total  dis- 
tance becomes  greater. 

22.  The  minimum  size  of  cutter  that  can  be  used  is 
naturally  governed  by  practical  considerations.  Thus,  in 
the  case  of  an  end  mill,  it  must  be  sufficiently  stiff  to  stand 
a  fair  cut  without  bending;  in  the  case  of  a  plain  mill,  the 
advisability  of  leaving  sufficient  stock  around  the  hole  of 
the  cutter  governs  its  smallest  permissible  size.  Again,  a 
short  cutter  can  usually  be  smaller  than  a  very  wide  cutter, 
since  the  stresses  to  which  the  cutter  is  subjected  by  the  cut- 
ting operation  will,  as  a  general  rule,  be  less  severe  with  a 
narrow  than  with  a  wide  cutter. 


LIMITATIONS  AND  ERRORS. 

23.  The  limits  within  which  work  can  be  milled  to  a 
given  size  largely  depend  on  the  construction  of  the  machine 
and  the  character  of  the  workmanship,  also  on  its  condition 
and  the  nature  of  the  work.  With  a  high-grade  machine  in 
first-class  condition,  and  using  sharp  cutters  on  work  that  is 
rigidly  held,  many  jobs  can  readily  be  milled  within  a  very 
small  limit  of  variation,  say  jo^o  i^^ch.  In  fact,  on  many 
classes  of  duplicate  work  done  in  large  quantities,  all  fitting 
can  be  entirely  done  away  with,  since  it  is  practicable  to 
mill  the  work  close  enough  for  a  fair  fit.  With  a  springy 
machine  in  poor  condition,  and  dull  cutters,  such  results 
cannot  be  obtained,  and  work  done  on  them  will  usually  call 
for  considerable  hand  fitting,  not  only  on  account  of  the 
greater  variation  in  the  size  but  also  on  account  of  the  poor 
quality  of  the  surfaces  produced  under  such  conditions. 

24.  It  is  not  possible  to  state  definitely  what  the  limit 
should  be  within  which  work  should  be  milled  to  a  given 
size.     This  limit  naturally  depends  on  the  purpose  of  the 
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work;  fordcomparatively  rough  work,  as  milling  nuts,  bolt- 
heads,  the  squares  on  the  ends  of  taps  and  reamers,  etc.,  a 
limit  of  loVir  ^^<^^  "i^y  usually  be  considered  as  allowable. 
Work  that  is  milled  only  for  finii)h  can  often  vary  consider- 
ably from  its  true  size;  the  amount  allowable  must  obvi- 
ously be  determined  on  the  merits  of  each  case.  Parts  of 
sewing  machines,  typewriters,  firearms,  and  similar  fine, 
small  work  are  usually  finished  within  a  limit  of  y/o^r  i^^ch, 
although  some  parts  require  to  be,  and  can  be,  finished  within 
a  smaller  limit. 

25.  When  milling  large  work,  or  finishing  a  rather  wide 
surface  with  a  plain  mill,  it  isnot  always  possible  to  obtain  as 
close  an  approach  to  a  plain  surface  as  the  planer  tool  with 
its  single  cutting  edge  will  produce.  One  reason  for  this  is 
a  lack  of  rigidity  of  the  machine  used;  another  reason  may 
be  found  in  the  fact  that  with  a  milling  cutter,  the  pressure 
on  the  work  during  the  cutting  operation  is  many  times 
greater  than  in  the  case  of  the  planer  tool,  and,  hence, 
there  will  be  more  springing  of  the  work.  Furthermore, 
when  a  plain  cutter  is  beginning  to  take  a  chip  while  the 
work  is  fed  against  the  cutter,  the  pressure  is  at  first  in  line, 
or  nearly  so,  with  the  surface  of  the  work.  Now,  as  the 
tooth  doing  the  cutting  advances  upwards,  the  direction  of 
the  pressure  changes,  and,  being  upwards,  tends  to  lift  the 
work  from  its  fastenings.  This  change  in  the  direction  of 
the  pressure  is  naturally  most  marked  in  deep  cuts,  and  if 
the  work  yields  to  a  sensible  extent,  will  result  in  an  uneven 
surface. 

26.  In  a  planer,  shaper,  or  slotter,  however,  the  direc- 
tion of  the  pressure  never  changes,  and  since  its  intensity  is 
much  less  than  with  a  milling  machine,  it  follows  that  as 
far  as  large  plane  surfaces  are  concerned,  the  machine  tools 
first  mentioned  can,  in  general,  be  better  relied  on  to  pro- 
duce them.  As  a  matter  of  course,  with  a  very  rigid 
machine  especially  designed  for  surface  milling,  and  with 
work  so  rigid  that  deflection  will  be  so  small  as  to  be  insen- 
sible,   a   very   close   approach   to   a  plane  surface   can    be 
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obtained  by  milling;  in  general,  however,  it  will  be  found 
that  the  planer  has  slightly  the  advantage.  For  this  reason, 
It  is  customary  in  some  places  to  rough  out  the  surfaces  of 
heavy  work  on  some  suitable  form  of  a  milling  machine, 
and  then  to  transfer  the  work  to  a  planer,  where  it  is  finished 
by  planing.  This  will,  in  many  cases,  be  more  economical 
than  planing  the  whole  job,  since  with  a  properly  designed 
and  handled  milling  machine,  the  roughing  out  can  usually 
be  done  at  a  fraction  of  the  cost  of  planing.  While  it  must 
be  conceded  that  at  present  the  planer  has  slightly  the 
advantage  so  far  as  truth  of  large  surfaces  is  concerned,  it 
can  be  confidently  predicted  that  in  the  course  of  time,  by 
the  advent  of  more  rigid  milling  machines,  its  superiority 
will  not  only  disappear,  but  be  surpassed.  There  are  many 
heavy  milling  machines  built  today  that  under  favorable 
conditions  will  produce  true  plane  surfaces  as  well  as  the 
planer. 

27.  The  commercial  limits  to  the  field  of  usefulness  of 
the  milling  machine  are  not  known,  since  new  fields  for  it 
are  constantly  being  found.  While  it  will  probably  never 
entirely  supersede  the  planer,  shaper,  or  slotter,  it  can  safely 
be  predicted  that  it  will  more  and  more  take  their  place  for 
a  large  variety  of  work  as  the  machine  becomes  better 
developed  and  understood. 


USE  OF   MILLING    MACHINES. 


HOCniXG    WORK. 

28.  The  work  may  be  held  in  the  milling  machine  by 
attaching  it  directly  to  the  table,  by  holding  it  in  a  vise,  by 
holding  it  between  centers,  or  in  a  chuck  or  on  an  arbor 
attached  to  the  index  head,  and,  finally,  by  means  of  special 
fixtures.  No  matter  in  what  manner  the  work  is  held, 
there  are  certain  conditions  that  must  be  fulfilled  in  order 
that  the  machining  can   be  done  successfully.     First^   the 
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work  must  be  held  so  rigid  that  it  cannot  slip  under  the 
pressure  of  the  cutting  operation;  second^  it  must  not  be 
deformed  by  the  clamping;  third^  it  must  be  so  supported 
by  suitable  means  that  it  will  not  deflect  either  under  its 
own  weight  or  the  pressure  of  the  cut;  fourth^  it  must  be 
lined  up  properly  so  that  the  machining  will  take  place  in 
the  required  direction. 


HOLDING  WORK  ON  TABLB. 

29.  Holding:  Devices. — If  circumstances  permit,  the 
best  way  of  holding  work  to  a  table  is  to  bolt  it  directly 
to  it,  using  bolts  with  low  heads  that  will  slip  into  the 
T  slots  of  the  table.  When  this  cannot  be  done,  clamps 
must  be  used.  Owing  to  the  fact  that  the  pressure  due 
to  the  cutting  operation  is  usually  much  larger  than  is 
the  case  in  planer  work,  the  work  must  be  held  much 
tighter  to  prevent  its  slipping,  and,  hence,  in  general,  the 
clamps  should  be  more  rigid  and  the  bolts  heavier  than 
would  be  required  for  the  same  job  on  the  planer.  Further- 
more, a  positive  stop  or  stops  should  be  used  whenever 
feasible.  If  the  table  has  holes  in  it,  pins  similar  to  planer 
pins  may  be  used ;  in  the  absence  of  holes,  a  bar  can  usually 
be  bolted  directly  to  the  table  to  form  a  stop,  and  the  work 
can  then  be  pushed  against  it.  Considerable  ingenuity  will 
often  be  required  to  so  clamp  the  work  that  there  is  no 
danger  of  its  slipping,  especially  in  vertical  milling  machines 
when  the  work  that  is  attached  to  the  table  is  intended  to 
be  machined  all  around  its  circumference  in  one  setting. 
In  such  a  case,  there  will  be  a  tendency  to  rotate  the  work, 
which  tendency  must  be  counteracted  either  by  the  friction 
caused  by  clamping  or  by  stop-pins. 

30.  The  general  character  of  the  clamps,  pins,  screw 
pins,  toe  dogs,  and  similar  clamping  devices  used  does  not 
differ  in  any  essential  particular  from  that  of  the  corre- 
sponding devices  used  in  planer  work.  Neither  is  there  any 
difference  as  far  as  their  application  is  concerned,  except 
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that  more  attention  must  usually  be  paid  to  supporting  the 
work  on  a  milling  machine  than  is  required  for  a  planer. 

31.     Construction  of  Rotary  Planer. — An  example 

of  how  work  may  be  clamped  to  a  milling-machine  table  is 
given  in  Fig.  4.  In  this  case,  the  machine  used  belongs  to 
a  type  designed  especially  for  producing  flat  surfaces  by  the 
use  of  a  large  side  milling  cutter.  Such  machines  are 
commonly  called  rotary  planers.  In  the  machine  shown, 
the  bed  a  has  flat  ways  on  top  to  which  the  saddle  b  is  fitted. 
The  saddle  carries  the  spindle  and  cutter,  which  are  driven 
by  gearing  from  the  belt  pulley  c.  A  suitable  feed  arrange- 
ment allows  the  saddle  to  be  moved  along  the  bed  either  by 


hand  or  automatiially ;  most  machines  have  adjustable  tap- 
pets by  means  of  which  the  feed  can  be  stopped  at  a  pre- 
determined point.  As  far  as  adjusting  the  cutter  for  the 
projier  depth  of  out  is  concerned,  practice  varies.  In  some 
machines,  the  spindle  and  cutter  are  movable  axially  to  a 
limited  extent,  while  in  others,  the  table  can  be  moved  in 
a  direction  parallel  to  that  of  the  spindle.  Both  designs 
accomplish  the  same  thing  and  incidentally  show  that  fre- 
quently there  are  a  number  of  different  ways  of  performing 
the  same  operation.  In  the  particular  machine  shown,  the 
table  is  moved  by  means  of  a  feed-screw  operated  by  the 
handle  </. 
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32.  Lrinins  tlie  Work. — The  work  ^  is  a  large  bracket ; 
it  is  intended  to  machine  the  surface  toward  the  bed  so  as 
to  be  at  right  angles  to  the  surface  that  rests  upon  the 
table.  Now,  in  rotary  planers,  and  also  in  nearly  all  mill- 
ing machines,  except  those  of  the  vertical  type,  and  in  some 
special  machines,  the  axis  of  the  spindle  is  parallel  to  the 
surface  of  the  table  f\  and  since  a  side  cutter  produces  a 
surface  at  right  angles  to  the  axis  of  the  spindle,  it  follows 
from  the  construction  of  the  machine  that  if  one  surface  of 
the  bracket  e  rests  upon  the  table,  the  other  surface  will  be 
machined  at  right  angles  to  it. 

33.  When  it  is  required  that  the  surface  about  to  be 
machined  is  to  be  at  right  angles  to  the  surface  e\  the  work 
must  be  fastened  in  the  proper  position  to  accomplish  this. 
If  the  edge  of  the  table  that  is  toward  the  bed  is  parallel 
to  the  line  of  motion  of  the  saddle,  as  is  usually  the  case,  a 
try  square  may  be  used  for  lining  up  the  work.  The  stock 
of  the  square  is  then  placed  against  the  edge  of  the  table 
and  the  casting  is  shifted  until  its  surface  e'  touches  the 
blade  of  the  square  throughout  its  length.  In  many  cases, 
it  will  be  possible  to  set  work  square  by  placing  the  stock 
of  the  try  square  against  the  edge  a!  of  the  bed,  which 
naturally  is  parallel  to  the  line  of  motion  of  the  saddle, 
since  it  is  a  part  of  the  ways  on  which  the  saddle  slides. 
Work  may  be  set  parallel  to  the  line  of  motion  by  the  aid  of 
inside  calipers  applied  between  a'  and  the  work.  When  this 
cannot  be  done,  the  milling  cutter  itself  may  l>e  used  for 
testing  the  setting  by  having  it  first  in  the  p<^>sition  shown 
and  measuring  the  distance  between  some  t^xAh  and  the 
work.  The  saddle  is  then  fed  along  the  Ixrd  unti'  the  t^xnh 
selected  for  testing  is  near  the  left-hand  edge  of  the  work ; 
its  distance  from  the  work  is  then  measured,  and  if  the  two 
measurements  agree,  the  work  is  correctly  set.  It  will  Ix: 
understood  that  the  cutter  must  not  be  in  motion  during  the 
process  of  testing. 

34«  Clamping^  tbc  Work. — A  yAjof  the  natup-  hh'^ywri 
in  the  illustration  would  most  likeJy  be  damf^rd  by  using 
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bolts  and  clamps,  as  g^  g.  These  clamps  may  have  one  end 
bent  to  obviate  the  use  of  blocking,  or  they  maybe  straight, 
in  which  case  they  must  be  blocked  up.  With  the  cutter 
revolving  in  the  direction  of  the  arrow  ,r,  the  pressure  of 
the  cut  will  tend  to  shift  the  work  in  the  direction  of  the 
arrow  J ;  for  this  reason,  a  stop  h  is  bolted  to  the  table  and 
against  the  surface  e'  of  the  work.  The  stop  is  simply  a 
strap  having  two  holes  in  it;  bolts  are  slipped  into  a  T  slot 
in  the  table  and  pass  through  the  holes  of  the  strap,  which 
is  clamped  by  tightening  the  nuts  on  the  bolts.  It  will  be 
observed  that  the  strap  is  held  from  slipping  by  friction  only; 
it  is  wise  for  this  reason  to  place  a  piece  of  manila  paper  be- 
tween the  table  and  the  strap,  since  experience  has  shown 
that  this  will  greatly  increase  the  resistance  to  slipping.  If 
the  table  has  holes  in  it  for  the  reception  of  pins,  it  is  better 
to  use  pins  for  stops,  since  they  cannot  slip. 

35.  Use  of  Angrle  Plate  for  Plain  Milllnfi:  Ma- 
chine.— Fig.  5  is  an  example  of  how  a  job  may  be  clamped 
to  the  table  of  a  plain  milling  machine  of  the  pillar  type, 
using  an  angle  plate  to  hold  the  work  square  with  the  table. 
In  this  case,  the  work  rt;  is  a  sliding  table  for  a  machine  tool; 
it  has  a  dovetailed  bottom  that  is  to  be  accurately  machined 
so  that  the  bottom  surfaces  are  parallel  to  the  top.  A  little 
study  will  show  that  with  this  type  of  a  machine,  the  mill- 
ing can  be  done  only  with  end  mills  and  an  angular  mill 
fastened  to  a  shank,  if  the  whole  bottom  is  to  be  finished  in 
one  setting,  which  is  necessary  if  all  surfaces  of  the  bottom 
are  to  be  correctly  machined.  This  means  that  the  work 
must  be  set  up  on  edge,  and  since  it  would  have  but  a  very 
small  bearing  on  the  milling-machine  table,  an  angle  plated 
can  be  advantageously  used  to  insure  that  the  bottom  will 
be  milled  parallel  to  the  top,  and  also  to  steady  the  work. 
Since  the  work  has  T  slots  in  it,  bolts  can  be  slipped  into 
these;  they  are  then  passed  through  the  slots  of  the  angle 
plate  in  order  to  bolt  the  work  to  it.  In  case  the  angle 
plate  has  no  slots  that  will  come  opposite  the  slots  in  the 
work,   the  latter  could   be  attached  by  bolts  and  clamps  to 
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the  angle  plate.  The  work  is  held  down  on  the  milling- 
machine  table  by  the  clamps  c,  c,  the  rear  ends  of  which 
rest  on  packing  blocks  d,  d.     The  pressure  of  the  cutting 


operation  in  this  case  tends  to  ov^rrurn 
also  to  slide  it  along  the  a.l'.'.T.^-m^.'ci'.r.t: 
tendency  is  resisted  by  the  lagl^  pla*';  an'i 
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the  stops  ^,  e,  which  are  bolted  to  the  table  in  contact  with 
the  ends  of  the  work. 

36.  Lining  the  Wprk. — Lining  the  work  is  accom- 
plished, in  this  case,  by  a  proper  lining  up  of  the  angle  plate. 
Since  the  surface  of  the  milling-machine  table,  in  all  ma- 
chines of  the  type  shown,  is  parallel  to  the  axis  of  the 
spindle,  the  surface  of  the  angle  plate  that  is  toward  the 
spindle  will  be  at  right  angles  to  the  axis,  if  the  plate  is 
bolted  directly  to  the  table;  consequently,  it  only  remains 
to  line  up  the  plate  parallel  to  the  line  of  motion  of  the 
table.  This  can  be  done  by  the  aid  of  some  suitable  tool 
with  a  blunt  point  that  is  held  in  the  spindle.  Run  out  the 
table  until  the  marking  point  is  near  one  edge  of  the  angle 
plate,  say  the  right-hand  one ;  then,  by  means  of  the  cross- 
feed  screw  in  the  knee,  move  the  table  toward  the  mark- 
ing point  until  a  piece  of  paper  will  just  be  nipped  between 
the  marking  point  and  angle  plate.  Now  run  the  table 
back  until  the  marking  point  is  near  the  left-hand  edge 
of  the  angle  plate  and  see  if  the  paper  will  be  nipped  again. 
If  this  is  not  the  case,  it  shows  that  the  angle  plate  must  be 
shifted  ;  after  each  shifting,  the  setting  must  be  tested  again 
in  the  same  manner. 

37.  Testing  the  Settins  of  Work.  —  In  milling 
machines  arranged  for  plain  or  angular  milling,  as  in  the 
machine  shown  in  Fig.  5,  the  setting  of  work  may  be 
tested  for  parallelism  with  the  surface  of  the  table  by  means 
of  a  surface  gauge,  which  is  used  exactly  as  in  planer  work. 
When  for  any  reason  a  surface  gauge  cannot  be  employed, 
a  scriber  may  be  clamped  between  the  washers  of  the 
milling-machine  arbor  and  used  for  testing  the  setting  by 
moving  the  table  under  it.  It  will  be  understood  that  the 
spindle  must  be  stationary  during  the  testing. 

38.  A  piece  of  work  of  the  nature  shown  in  Fig.  5 
could  have  been  set  quicker  in  a  vertical  milling  machine, 
since  in  such  a  machine  it  could  have  been  clamped  directly 
to  the  surface  of  the  table,  using  finger  clamps  inserted  in 
the  T  slots  of  the  work  for  holding  it. 
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39.  HoldtuK  Work  In  a  Vertical  MllllnK  Ma- 
chine.— Fig.  6  is  an  example  of  how  work  may  be  clamped 
to  the  table  *■  of  a  vertical  milling  machine  when  it  is  re- 
quired to  machine  the  circumference  of  the  work.  In  this 
case,  the  job  is  the  strap  for  a  steam-engine  connecting-rod 
that  is  to  be  milled  with  a  cylindrical  end  mill  a.     In  order 


that  the  end  <rf  the  mill  may  '■.Ii-ar  f.h"^  taSI^^.  r.hi  v, 
placed  on  two  parallel  blj^.kii  b,  h.  wr.!'':ri  r-iii^  <,z\  '■, 
above  the  table.  Short  --.UmM  d.  d  \t*.  'J.hia''.  ',r. 
the  strap  orer  the  clampinsf  V,!:*,  w/ii-r.  ':.:i-i'.  '..r-- 1 
been  inserted  in  the  T*«''t.*'--f  ;■„'.«  u^i«  Xu-.  vi"( 
S.  VfA.  tt.—it. 
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the  strap  can  easily  be  finished  by  milling  without  chan- 
ging the  setting.  After  the  outside  is  finished,  clamps  may 
be  applied  from  the  outside  before  the  inside  clamps  are  re- 
moved ;  when  these  outside  clamps  have  been  tightened,  the 
inside  clamps  d^  d  are  removed.  By  proceeding  in  this 
manner,  the  setting  of  the  work  will  not  be  changed  and 
the  inside  of  the  strap  will  be  left  clear  for  milling. 

The  straight  surfaces  of  the  strap  are  finished  by  using 
the  regular  feeds;  the  curved  end.  must,  however,  be  fin- 
ished by  working  both  feeds  simultaneously  by  hand,  cutting 
to  a  line  previously  drawn  on  the  top  surface  of  the  strap, 
which  line  shows  the  edges  of  the  work  when  finished. 

40.  When  a  job  is  held  to  the  table  in  such  a  manner  that 
it  can  be  machined  all  around  its  circumference,  it  will 
usually  be  a  rather  difficult  matter  to  provide  positive  stops 
that  will  prevent  shifting,  and  the  friction  created  in  clamp- 
ing must  be  relied  on.  It  may  be  stated  as  a  general  rule, 
that  whenever  it  is  possible  to  use  positive  stops,  it  is  advisa- 
ble to  do  so.  When  friction  alone  prevents  slipping,  lighter 
cuts  and  lighter  feeds  must  be  used,  and  special  care  is  re- 
quired in  starting  the  cut. 

41*     Construction  of  a  Vertical  MlUlngr  Machine. 

The  vertical  milling  machine  shown  in  Fig.  6  is  one  of  the 
many  designs  in  the  market.  The  table  e  is  arranged  to  be 
fed  in  two  horizontal  directions  at  right  angles  to  each  other; 
its  level  is  fixed.  The  spindle  f  is  adjustable  in  a  vertical 
direction,  and  a  good  support  close  to  the  cutter  is  provided 
by  making  the  headstock  g  adjustable.  The  table  is  pro- 
vided with  an  automatic  feed  in  both  directions;  the  feed- 
shaft  Ji  is  driven  by  belting  it  to  a  pulley  on  the  spindle  / 
and  carries  a  small  friction  wheel  that  is  in  contact  with  the 
feed  disk  /  and  rotates  it  by  friction.  The  friction  wheel  on 
the  feed-shaft  is  fitted  in  such  a  manner  that  it  can  be  moved 
along  the  shaft,  and,  consequently,  its  position  in  regard  to 
the  center  of  the  disk  /  may  be  varied.  Since  the  rate  at 
which  the  feed  disk  revolves  depends  directly  on  the  dis- 
tance of  the  friction  wheel  from  the  center  of  the  disk,  it 
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follows  that,  by  moving  the  friction  wheel  to  different  posi- 
tions, the  rate  of  feed  is  varied,  and  by  shifting  it  past  the 
center  of  the  feed  disk,  the  feed  is  reversed. 

42.  Some  vertical  milling  machines  have  a  removable 
bottom  bearing  for  the  end  of  the  spindle;  this  corresponds 
to  the  outboard  bearing  of  the  horizontal  milling  machine 
and  serves  the  same  purpose.  The  vertical  milling  machine 
cannot  be  said  to  be  able  to  do  work  that  cannot  be  done  on 
the  horizontal  type  of  machine ;  it  is  more  convenient,  how- 
ever, for  work  that  requires  to  be  finished  with  end  mills, 
since  the  work  is  in  plain  sight.  The  job  shown  in  Fig.  6 
might  have  been  done  in  the  machine  shown  in  Fig.  5  by 
strapping  it  to  an  angle  plate ;  it  would  not  have  been  in  as 
plain  sight,  however.  While  the  vertical  milling  machine 
shown  is  a  plain  machine,  it  is  also  built  as  a  universal 
machine. 

43.  The  peculiar  advantage  of  the  vertical  machine  for 
some  work,  as  far  as  having  the  cut  in  plain  sight  is  con- 
cerned, has  led  to  the  design  of 

special  attachments  for  convert- 
ing a  horizontal  machine  tem- 
porarily into  a  vertical  spindle 
machine.  Such  attachments  are 
supplied  by  all  the  makers  of 
milling  machines  on  regular 
orders,    and   are  a  convenient 

makeshift  for  some  work,  as,  for  example,  the  job  shown  in 
Fig.  7.  This  piece  of  work  requires  to  have  its  top  surface 
and  all  the  surfaces  of  the  recess  finished  by  milling.  If  a 
vertical  spindle  machine  is  available,  it  should  h*t  i'\i<f^n  for 
doing  the  job;  in  the  absence  of  one,  a  vertical  milling 
attachment  may  be  used  on  a  horiz^^ntal  machine.  When 
no  such  attachment  is  available  for  a  horizontal  machine, 
the  work  must  be  fastened  to  an  angle  plate. 

44*  Ufiiof^  tlic  W€Mik« — V/ji«rn  it  i!>  T*'A\n\x**A  thiat  the 
top  surface  of  a  job  be  finished  YAri±\M  to  the  huri4i<:*i  of  the 
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milling-machine  table,  its  setting  in  most  cases  is  most  con- 
veniently tested  with  a  surface  gauge.  When  the  sides  of 
work  are  to  be  lined  up  parallel  with  either  direction  of 
motion  of  the  table,  the  setting  may  be  tested  with  a  pointer 
clamped  to  the  spindle,  traversing  the  work  along  the 
pointer. 

In  some  cases  a  large  try  square  may  be  used;  in  that 
case,  the  blade  may  be  applied  to  the  work  while  the  stocL 
is  placed  against  one  of  the  edges  of  the  table,  which  are 
usually  made  exactly  parallel  to  the  line  of  motion  for  this 
very  purpose. 

45.  A  I>ouble-Headed  Machine. — Fig.  8  is  an  ex- 
ample showing  how  work  may  be  held  on  the  table  of  2 
machine  that  resembles  a  planer  in  some  respects.     This 


/ 
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particular  machine  is  of  the  muJtispindle  type,  having  two 
independently  adjustable  spindles  a  and  d,  which,  however, 
can  be  used  for  driving  an  arbor  c  from  both  ends,  as  is  done 
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in  this  case.  The  work  d  is  a  side  rod  for  a  locomotive, 
which  is  to  be  milled  out  between  the  ends  to  an  I  section. 
The  cut  that  is  taken  is  quite  heavy,  being  about  4|  inches 
wide,  1-|^  inches  deep,  and  feeding  at  the  rate  of  2  inches 
per  minute.  In  consequence  of  this,  the  pressure  of  the 
cutting  operation  that  tends  to  slide  the  work  along  the 
table  is  quite  heavy.  In  this  case,  movement  of  the  work 
is  prevented  by  letting  it  butt  against  an  angle  plate  e^  which 
is  bolted  to  the  table  at  the  rear,  and  which,  in  turn,  is  pre- 
vented from  shifting  by  struts  that  are  placed  between  it 
and  the  end  of  the  table.  Owing  to  the  view  taken,  these 
struts  cannot  be  seen.  The  work  is  held  down  on  the  table 
by  bolts  and  clamps  placed  at  each  end;  the  clamp  f  2X  the 
front  end  can  be  plainly  seen  in  the  illustration.  Jacks  g^  g^ 
each  of  which  has  two  setscrews,  are  bolted  to  the  table 
and  are  used  for  adjusting  and  confining  the  work  sidewise. 
A  double-headed  machine,  like  the  one  shown,  is  well 
adapted  for  finishing  two  surfaces  parallel  to  each  other  in 
one  passage  of  the  work  past  the  cutters. 

46.  Clamping:  W^ork  for  Grooving:. — Fig.  9  {a)  shows 
how  cylindrical  work  may  be  held  on  the  table  of  a  horizon- 
tal milling  machine  when  a  slot  or  groove  is  to  be  milled  in 
it  in  line  with  the  axis  of  the  work.  A  milling-machine 
strip  a^  which  has  a  tongue  ^'at  the  bottom,  is  bolted  to  the 
table  with  the  tongue  in  one  of  the  T  slots.  The  surface  a' 
of  the  strip  is  machined  parallel  to  the  line  of  motion  of  the 
table,  hence,  any  work  placed  against  it  is  parallel  to  the 
line  of  motion.  Persons  familiar  with  planer  work  will 
recognize  the  milling-machine  strip  as  the  device  known  as 
2l  planer  stripy  which  is  constructed  in  the  same  manner  and 
serves  the  same  purpose. 

Let  ^  be  a  shaft  in  which  a  key  way  (shown  in  dotted  lines 
at  the  top)  is  to  be  cut  throughout  its  whole  length.  Then, 
evidently,  the  clamps  must  be  clear  of  the  cutter  and, 
hence,  must  be  placed  about  in  the  position  shown.  When 
the  clamp  is  tightened  on  the  work,  the  pressure  will  be 
exerted  along  a  line  as  c  d^  so  that  the  shaft  will  be  held  to 
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the  table  and  against  the  milling-machine  strip  at  the  same^ 
time.     Inconsequence  of  the  direction  in  which  the  pressur^^ 

acts,  the  clamp  tends  to  slip  in  the  direction  of  the  arrow  x 

if  the  clamp  used  is  a  U  clamp,   it  will   simply  slide  otf 

Prom   this  it  follows  that  a  clamp  with  a  hole  to  fit  th^^ 
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clamping  boJt  must  bu  used.  With  such  a  clamp,  the  slip- 
ping is  ri-'sisted  only  by  tht;  resistance  of  the  clamping  bolt 
to  bending;  if  this  bolt  is  short  and  stiff,  it  will  usually  be 
sufficient,  but  if  it  is  rather  long,  as  must  be  the  case  when 
the  diameter  of  the  work  is  large,  it  will  bend. 
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47.  Fig.  9  (d)  shows  how  the  clamp  may  be  constructed 
to  prevent  it  from  slipping  back.  The  clamp  is  bent  and 
made  of  such  a  length  that  its  rear  end  j'  will  catch  the  edge 
of  a  T  slot.  Fig.  9  (c)  shows  a  way  of  accomplishing  the 
same  thing  by  the  use  of  a  special  packing  block  e,  which 
has  a  projection  on  it  to  prevent  the  clamp  from  moving, 
and  is  bolted  to  the  table.  The  block  may  be  adjusted 
for  different  heights  of  work  by  turning  the  setscrew  /; 
the  rear  end  of  the  clamp  rests  on  the  head  of  this  set- 
screw. 

48.  AcUustable  Packing:  Block. — Fig.  10  is  a  sug- 
gestion of  how  a  shaft  that  is  to  be  splined  may  be  held  for 
milling  with  an  end  mill  in  a  horizontal  machine,  or  with  a 
slotting  cutter  in  a  vertical  machine.  The  shaft  d  is  placed 
in  one  of  the  T  slots  of  the  table,  the  edges  of  which,  being 
parallel  to  the  line  of  motion,  will  line  the  shaft  properly. 
The  packing  block  a  is  adjustable  for  height,  being  made  in 


FlO.  10. 

two  parts  that  are  duplicates  of  each  other,  and  with  saw 
teeth  of  about  i-  to  ^-inch  pitch  on  their  inclined  sides. 
This  style  of  packing  block  is  very  little  known  at  present; 
it  will  be  found  one  of  the  most  useful  articles  for  the  mill- 
ing machine,  planer,  drill  press,  etc.,  when  much  work  is 
to  be  held  by  clamps.  When  work  is  held  in  the  manner 
shown  in  Fjg.  10,  there  is  no  tendency  for  the  clamp  to 
slip  off  in  clamping,  hence,  U  clamps  may  be  used  to 
advantage. 
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HOLDING  WORK  IN  THE  VISE. 

49.  Purpose  of  the  Vise. — The  vise  used  in  milling- 
machine  work  is  intended  for  holding  small  work  having  two 
parallel  surfaces,  and  can  only  be  used  for  other  work  by 
substituting  special  jaws  for  the  regular  ones.  Milling- 
machine  vises  are  made  in  various  ways  by  the  different 
makers;  when  the  machine  is  used  only  for  plain  milting, 
the  vise  is  usually  made  so  that  it  can  be  placed  on  the 


machine  either  with  its  jaws  in  line  or  at  right  angles  to  the 
direction  of  motion  of  the  table,  but  not  at  any  other  angle. 
Such  a  vise  is  called  a  plain  vise,  and  is  most  frequently 
used  with  plain  milling  machines,  as,  for  instance,  the 
so-called  Lincoln  type  of  machine  shown  in  Fig.  11,  which  is 
intended  especially  for  vise  milling  on  duplicate  work  done 
in  large  (luantities. 

5(>.     Construction  of  the  l^lncoln  Miller. — The  dis- 
tinguishing feature  of  the  Lincoln  type  of  machine  is  a 
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rertically  adjustable  horizontal  spindle  b  and  a  correspond- 
ing outboard  bearing  d.  The  table  a  is  movable  both  in  line 
with,  and  at  right  angles  to,  the  spindle  b\  the  plain  visec  is 
rigidly  bolted  to  the  table  (with  its  jaws  parallel  to  the  axis 
of  the  spindle  in  this  case).  The  Lincoln  type  of  machine 
is  especially  adapted  for  short  cuts  on  work  that  can  \tt  held 
in  a  vise,  or  in  any  fixture  that  is  the  equivalent  of  a  vise,  and 
is  capable,  with  proper  handling,  of  doing  very  accurate 
work  of  the  class  it  is  intended  for,  since  the  design  allows 
a  very  compact,  rigid,  and  comparatively  inexpensive  ma- 
chine. Machines  of  this  design  are  largely  used  in  type- 
writer, sewing-machine,  and  armory  work. 


51.  Swivel  Vise. — For  general  work,  milling-machine 
vises  are  usually  constructed  with  a  swivel  base,  and  are 
then  called  snivel 
vises.  One  design  of 
such  a  vise  is  shown  In 
Pig.  12  {a).  It  has  a 
movable  jaw  a  and  a 
fixed  jaw  b\  the  jaw  a 
can  be  set  up  by  the 
screw  c  and  crank 
handle  d.  The  base  is 
circular  and  graduated 
into  degrees;  it  can  be 
swiveled  around  on  the 
subbase  e  and  clamped 
to  it  in  any  position. 
This  subbase  is  bolted 
to  the  milling-machine 
table;  it  usually  has 
tongues  that  fit  a  T 
slot  of  the  table  and 
insure  that  a  zero  mark 
on  the  subbase  is  in  line 
with   one,   and  at  right  '^'"'  "' 

angles  to  the  other,  direction  of  motion  of  the  table.     The 
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graduation  on  the  base  of  the  vise,  as  a  general  rule,  is  s< 
placed  that  when  its  zero  coincides  with  the  zero  mark  o 
the  subbase,  the  jaws  will  be  in  line  with  the  spindle.  Con — 
sequently,  the  reading  of  the  graduation  indicates  the  angfe 
included  between  the  vise  jaws  and  the  axis  of  the  spindle. 

52.  In  a  regular  milling-machine  vise,  the  vertical  sur- 
face of  the  jaws  is  always  exactly  at  right  angles  to  the  sur- 
face of  the  table;  consequently,  if  any  work  is  held  between 
the  jaws,  its  top  surface  will  be  milled  square  with  the  sides  in 
contact  with  the  vise  jaws  when  a  cut  is  taken  in  a  direction 
across  the  jaws,  and  the  measurement  is  made  in  the  direc- 
tion of  the  cut. 

53.  The  milling-machine  vise  is  used  in  the  same  man- 
ner as  in  planer  work,  and  the  same  appliances  and  methods 
are  employed  for  lining  up  the  work  and  holding  it  fairly 
against  the  fixed  jaw.  It  must  always  be  remembered,  how- 
ever, that  the  pressure  of  the  cutting  operation  is  much 
greater  in  milling-machine  work;  for  this  reason,  the  vise 
must  be  clamped  very  solidly  to  the  bed,  and  in  case  a 
cut  is  taken  parallel  to  the  vise  jaws,  the  work  must  be 
held  very  tight. 

54.  Universal  Vise. — The  milling-machine  vise  shown 
in  Fig.  12  {a)  can  only  be  swiveled  in  a  horizontal  plane. 
Toolmakers,  however,  often  have  occasion  to  take  cuts 
where  a  vise  adjustable  in  a  vertical  plane  would  be  not  only 
very  convenient,  but  would  also  allow  the  work  to  be  held  in 
a  better  manner  than  is  possible  if  only  a  swivel  vise  is  at 
hand.  Such  a  vise  is  shown  in  Fig.  12  (6);  it  is  known  as  a 
universal  vise.  The  universal  vise  shown  consists  of  three 
parts,  which  are  the  base  a,  the  knee  b  b^  and  the  vise  c. 
The  knee  is  made  in  two  parts,  which  are  hinged  together; 
the  lower  part  of  the  knee  can  swivel  on  the  base  and  can 
be  clamped  thereto.  The  vise  itself  swivels  on  the  upper 
part  of  the  knee.  The  knee  can  be  opened  sufficiently  to 
bring  the  vise  vertical,  and  can  be  securely  braced  in  any 
position  by  the  bracing  levers  d^  d,  which  are  joined  by  a 
clamping   bolt.     This   vise   can   be   swung   to   almost  any 
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position,  and,  consequently,  its  range  of  usefulness  is  greatly 
extended  over  that  of  the  swivel-base  vise. 

55.  False  Ja^irs. — In  all  milling-machine  vises,  the  jaws 
are  faced  with  removable  false  steel  jaws,  as  /,/,  Fig.  Vi^ 
which  makes  it  an  easy  matter 
to  substitute  special  jaws  to 
hold  special  forms  of  work. 
Fig.  13  shows  such  a  pair  of 
special  jaws,  with  the  work  a 
between  them;   it  will  be  sug-  ^'"'  ^* 

gestive  of  other  ways  in  which  such  jaws  may  be  made. 
The  false  jaws  ^,  d  are  fastened  to  the  jaws  of  the  vise  by 
fillister-headed  screws  that  fit  the  tapped  holes  r,  c.  These 
special  jaws  not  only  serve  to  hold  work  of  a  special  form, 
but  also  support  it  close  to  the  cut.  Thus,  in  Fig.  l.'J,  the 
exposed  top  surface  of  the  work  is  to  be  finished  by  a 
formed  cutter;  reference  to  the  illustration  shows  the  top 
of  the  false  jaws  to  have  been  made  to  conform  to  the. 
profile  of  the  work,  but  clearing  it  slightly.  The  rigid 
support  of  the  work  prevents  any  springing  and  allows  a 
wide  cut  to  be  taken  with  very  little,  if  any,  chattering. 

56.  Setting:  the  Vise. — There  are  two  cases  that 
arise  in  practice  in  setting  a  vise,  which  arc:  setting  it  at 
a  given   angle  to   the   axis  of   the  spindle,   and  .si:tting  it 

.at  a  given  angle  to  the  line  of  motion  of  the  table.  In 
plain  horizontal  milling  machines,  the  two  cases  do  not  differ 
in  the  least,  since  the  construction  of  the  machine  insures 
that  when  the  vise  is  set  in  respect  to  the  axis  of  the  spindle, 
it  is  also  set  correct  for  the  line  of  motion  of  the  table.  In 
vertical  milling  machines,  and  &Wt  in  universal  millirig 
machines,  when  the  table  is  swung  from  its  z':ro  jy/sition, 
that  is,  when  its  line  of  motion  is  not  at  right  angles  to 
the  axis  of  the  spindle,  the  vise  must  be  lined  up  with  the 
line  of  motion. 

57.  Plain  milling-machine  vis^s  a-*  a  general  rule  have 
two  slots  at  right  angles  to  ea^h  other  '^.ut  iu  the  fx/ttom; 
tongues  that  fit  a  T  slot  of  the  ta'oie  are  fastened  in  thev; 
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slots  and  insure  that  the  vise  jaws  are  at  right  angles  to,  or 
in  line  with,  the  line  of  motion  uf  the  table.  In  horizontal 
machines  in  which  the  table  cannot  be  swiveled,  as  in  plain 
milling  machines,  and  also  in  universal  machines  when  tke 
table  is  set  at  scro,  the  tongues  insure  that  the  vise  jaws  are 
either  at  right  angles  or  parallel  to  the  axis  of  the  spindle, 
depending  on  the  position  of  the  vise. 

58.  Graduated  swivel-base  vises  usually  have  the  zero 
mark  on  the  base  so  placed  that  when  it  coincides  with  the 
zero  of  the  graduation,  the  jaws  will  be  at  right  angles  to 
the  line  of  motion  of  the  table.  Hence,  to  set  the  jaws  in 
line  with  the  line  of  motion,  make  the  90°  mark  coincide 
with  the  zero  mark. 

59.  There  are  various  designs  of  swivel-base  vises  in 
use  that  have  no  graduations.  In  horizontal  machines 
where  the  table  cannot  be  swiveled,  and  in  universal 
machines  when  the  table  is  at  zero,  the  vise  may  be  lined 
so  that  its  jaws  are  parallel  to  the  axis  of  the  spindle  (at 
right  angles   to  the  direction  of  motion  of  the  table)  by 
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placing  the  fixed  jaw  a  against  the  arbor  b,  as  shown  in 
Fig.  14  (rt).  To  place  the  jaws  at  right  angles  to  the  axis 
of  the  spindle,  apply  a  try  square  c  to  the  fixed  jaw  a  and 
the  arbor  b,  as  shown  in  Fig.  14  {b).  To  set  the  jaws  at  a 
given  angle  other  than  a  right  angle,  apply  a  bevel  pro- 
tractor to  the  arbor  and  fixed  jaw. 
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60«     So  far  it  has  been  supposed  that  the  arbor  runs  ex- 
actly true.     If  this  is  not  the  case,  the  vise  jaws  must  be 
set  in  a  slightly  different  manner.     Run   back   the   table 
until  one  of  the  corners  of  the  fixed  jaw,  as  ^,  touches  the 
arbor,  as  shown  in  Fig.  15   (a).     Measure   the   amount  of 
opening   between  the  corner  a  of  the  fixed  jaw  and   the 
arbor.     Now  give  the  spindle  half  a  turn  and   move  the 
table  until  the  corner  a  is  in  contact  with  the  arbor.     Meas- 
ure the  amount  of  space  between  the  corner  i  and  the  arbor; 
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if  this  agrees  with  the  first  measurement,  the  vise  is  correctly 
set;  otherwise,  it  must  be  shifted  until  the  measurements  do 
agree.  The  same  operation  may  be  used  for  setting  the 
vise  jaws  square  to  the  axis  of  the  spindle,  or  at  an  angle. 

It  has  here  been  supposed  that  the  arbor  is  bent  directly 
at  the  shoulder.  When  this  is  not  the  case,  as,  for  instance, 
when  the  arbor  has  one  or  more  short  kinks  in  it,  the 
method  of  testing  the  setting  that  has  just  been  explained, 
should  not  be  relied  on.  The  proper  thing  to  do  is  to  pro- 
cure a  true-running  arbor. 

61.  A  swivel-base  vise  without  a  graduation,  or  a  grad- 
uated-base  vise  that  is  to  be  tested  for  the  correction  of  its 
zero  mark,  may  be  set  with  its  jaws  parallel  to  the  line  of 
motion  of  a  vertical  milling-machine  table  as  follows:  put 
an  arbor  in  the  spindle  and  move  the  table  until  the  arbor  a^ 
Fig.  16  (^),  is  near  one  corner  of  the  fixed  jaw  d.     Put  a 
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parallel  strip  of  metal  c  between  the  arbor  and  the  vise  jaw, 
and  by  means  of  the  cross-feed,  move  ihe  vise  toward  the^ 
arbor  until  the  feeling  piece  c  just  touches  the  arbor  and  thfc 
fixed  jaw.     Remove  the  feeling  piece  and  then  move  the- 
table  in  the  direction  of  its  line  of  motion,  which  is  shown 


b[  ^b 


by  the  arrow  x,  until  the  arbor  is  near  the  opposite  corner 

of  the  fixed  jaw.  Insert  the  feeling  piece  again  and  observe 
if  it  is  in  contact  with  the  fixed  jaw  and  arbor.  If  this  is 
not  the  case,  or  when  the  feeling  piece  will  not  go  in,  the 
vise  must  be  shifted  and  the  testing  repeated. 

62.  To  set  the  vise  jaws  square  to  the  line  of  motion, 
clamp  a  try  square  between  the  jaws  and  test  along  the 
blade,  as  shown  in  Fig.  IC  (*).  To  set  the  vise  to  an  angle 
when  the  base  is  not  graduated,  instead  of  the  try  square, 
use  a  bevel  protractor  set  to  the  correct  angle. 

'i'lie  method  of  setting  a  vise  explained  in  connection  with 
Fig.  KJ  may  also  be  used  for  horizontal  milling  machines, 
clamping  a  heavy  bent  piece  of  wire  to  the  arbor  and  using 
its  point  for  testing. 

63.  HoIdInK  Round  Work. — The  regular  milling- 
machine  vise  is  not  well  adapted  for  holding  round  work, 
owing  to  the  fact  that  the  jaws  are  in  contact  with  such 
work  only  along  one  line.  Hence,  if  the  vise  is  tightened 
on  the  work,  the  jaws  will  mar  it  along  the  lines  of  contact. 
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f  the  vise  is  used  for  holding  round  work,  the  marring 
■^ay  be  lessened,  and,  at  the  same  time,  the  work  may  be 
i^id  more  firmly  by  placing  strips  of  soft  sheet  copper  or 
licet  brass  between  the  jaws  and  the  work. 

64.  When  much  round  work  is  to  be  done  in  the  vise, 
t  will  be  found  advisable  to  make  a  V-shaped  false  jaw,  as  is 
•hown  in  Fig.  17,  which  will 
:au5e  the  work  to  be  held 
(.long  three  lines  of  contact, 
Ls  a,  b,  and  c,  and  prevent 

t   from  tipping  upwards  or    

downwards  when  a  cut  is 
:akeii  over  its  top  surface. 

Strips  of  sheet  brass  may  be  placed  between  the  jaws  and 
the  work  to  prevent  marring. 

65.  Spilt  Vise  Cbuck. — When   a   large   quantity  of 
cylindrical  work  (all  pieces  having  the  same  diameter)  is 


to  have  milling  done  on  it  after  the  cylindrical  surface  is 
nicely  finished,  the  split  vise  cbuck  shown  in  Fig.  18 
may  be  used.  This  is  made  from  a 
rectangular  piece  of  steel;  it  has 
a  hole  bored  through  it  to  fit  the 
work  and  is  split  on  top  through- 
out the  whole  length.  In  use,  the 
flat  surface  a  is  placed  against  the 
fixed  jaw  and  the  curved  surface  6 
against  the  movable  jaw;  the  vise 
is  then  tightened  somewhat  and 
the  chuck  holding  the  work  is  seat- 
ed fair  on  the  bottom  of  the  fixed 
jaw  by  tapping  it  lightly  with  a  soft  hammer.     When  this 
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has  been  done,  the  vise  is  tightened  again.  The  curved  sur- 
face b  allows  a  slight  variation  in  diameter  of  the  work,  since 
it  allows  the  chuck  to  easily  adjust  itself.     At  the  same 

time,  it  insures  a  fair  bearing  of 
the  flat  surface  against  the  fixed 
jaw.  Fig.  19  is  given  as  a  sug- 
gestion of  what  work  may  be  done 
on  a  cylindrical  job  held  in  a  split 
vise  chuck. 


66.  A  Special  Vise — Plain 
milling  machines  are  often  used 
entirely  for  making  simple  cuts  on 
cylindrical  work;  in  such  a  case, 
a  special  vise  may  be  used,  as, 
for  instance,  the  one  shown  in 
Fig.  20.  In  this  vise,  which  may 
^  Fio.  80.  be  made  vertical,  as,  for  instance, 

the  one  shown,  when  the  character  of  the  work  makes  it  a 
more  convenient  design,  the  movable  jaw  a  is  flat  and  the 
fixed  jaw  b  is  V-shaped;  hence,  the  work  c  will  be  automati- 
cally lined  up  and  firmly  held.  The  resemblance  of  the  vise 
jaws  to  the  special  jaws  shown  in  Fig.  17  should  be  noted. 


HOLDING  ^VORK  l^VITH  INDEX  CBNTBRS. 

67.  Types. — Index  centers  are  made  in  two  types  to 
suit  different  classes  of  work,  which  are  known  respectively 
as  plain  and  universal  index  centers.  Each  manufacturer 
naturally  has  designs  of  his  own  for  each  type;  they  all  em- 
body the  same  general  features,  however,  which  are:  a  live 
spindle  that  can  be  rotated  at  will  through  a  definite  part  of 
a  revolution,  and  a  tailstock  carrying  the  dead  center.  The 
distance  between  the  two  centers  is  made  adjustable  to  ac- 
commodate different  lengths  of  work. 

68.  Plain  Index  Centers. — Fig.  21  shows  one  design 
pf  a  set  of  plain  index  centers,  which  consists  of  an  ioclex 
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bead  a  and  a  talltttock  d.  In  this  particular  case,  the 
tailstock  forms  part  of  the  bedplate  6',  and  the  index  head 
is  movable  along  this  bedplate.  In  many  designs,  however, 
the  index  head  and  tailstock  are  not  placed  on  a  bed,  but 
are  clamped  directly  to  the  table  of  the  milling  machine;  m 
that  case  they  usually  have  tongues  on  the  bottom  that  fit 
a  T  slot  of  the  table  and  insure  the  proper  aiinement  of  the 
index  centers.  The  headstock  a  carries  the  live  spindle  to 
which  an  index  plate  c  is  fitted.  The  back  of  the  index 
plate  has  several  concentric  rows  of  holes,  which  are  spaced 
equidistant  in  each  separate  row;  an  index  pin  i/is  inserted 


in  a  movable  bracket  e  in  such  a  manner  that  its  pointed 
end  may  be  made  to  engage  with  any  row  of  holes.  The 
holes  in  the  index  plate  are  used  for  obtaining  divisions  of 
the  circle,  that  is,  to  indicate  when  the  spindle  has  been  re- 
volved a  given  number  of  degrees.  The  divisions  obtain- 
able depend  on  the  number  of  holes  in  the  different  rows; 
they  are  the  quotients  obtained  by  dividing  the  number  of 
boles  in  each  row  by  all  the  whole  numbers  by  which  it  is 
divisible.  In  each  case,  the  divisor  shows  how  many  holes 
the  index  plate  must  be  moved  for  each  division. 

The  spindle  is  placed  in  line  with  the  dead  center,  and 
cannot  be  moved  in  a  vertical  plane.  It  carries  a  live  center 
and  a  face  plate  that  takes  the  tail  of  the  dog  used  for  con- 
fining the  work;  a  setscrewy  confines  the  tail  of  the  dog. 
The  dead  center  has  a  limited  range  of  adjustment  in  line 
S.  Vol.  U.—»i. 
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with  the  axis  to  allow  work  to  be  placed  and  removed  from 

between   the   centers   without   having  to  move  the   index 

head. 

Some  designs   of   a  plain  index  head  allow  a  universal 

lathe  chuck  to  be  screwed  to  the  live  spindle;  this  greatly 
increases  the  range  of  useful- 
ness. Practically  all  designs 
allow  the  live  center  to  be 
removed;  an  arbor  or  a  collet 
may  then  be  inserted  for  hold- 
ing the  work, 

69.  UntverBal  Index 
Head. —  Fig.  22  shows  one 
construction  of  a  universal  in- 
dex head.  The  chief  point  of 
difference  from  the  plain  index 
head  is  that  the  index -head 
spindle  is  movable  in  a  verti- 
cal plane,  and  can  be  swung, 
according  to  construction, 
through  an  arc  of  from  110° 
to  200".  In  the  design  shown, 
the  head  a,  which  carries  the 
spindle,  is  mounted  in  a  cir- 
cular guide  of  the  frame  b,  and 
may  be  rigidly  clamped  to  it  in 
any  position  within  its  range 
of  movement.  The  head  a  is 
graduated  into  degrees,  and  a 
zero  mark  placed  on  the  frame 
indicates,  by  its  coincidence 
with  a  graduation  mark,  how 
many  degrees  the  axis  of  the 
spindle  deviates  from  its  hori- 
zontal position.     The  tailstock 

/  is  bolted  to  the  table,  and  is  made  movable  in  order  to 

accommodate  different  lengths  of  work. 
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70.  In  this  particular  design,  the  spindle  carries  an 
index  plate  c  with  holes  in  it,  which  may  be  used  for  rapid 
indexing  for  the  most  commonly  used  divisions  of  the  circle. 
A  worm-wheel,  which  is  inside  of  the  head,  is  fastened  to 
the  live  spindle;  a  worm,  keyed  to  a  shaft,  meshes  with  this 
wheel.  This  shaft  carries  an  index  pin  d^  which  can  be 
made  to  engage  with  any  of  the  concentric  rows  of  holes  of 
the  index  plate  ^,  which  is  fastened  to  the  head.  The 
spindle  is  rotated  by  turning  the  worm-shaft  by  means  of 
the  index  pin,  which,  when  withdrawn  from  the  plate,  forms 
the  handle  of  a  crank. 

Universal  index  heads  are  often  constructed  in  such  man- 
ner that  the  feed-screw  of  the  table  and  the  worm-shaft 
may  be  connected  by  suitable  gearing;  the  spindle  of  the 
index  head  will  then  revolve  at  the  same  time  that  the  table 
moves  in  a  straight  line,  and  the  combination  of  these  two 
movements  will  allow  helixes  and  spirals  to  be  cut.  Such  a 
universal  index  head  is  given  the  name  of  Hplral  Index 
bead. 

71.  Work  Done  Bet^pveen  Centers. — The  work  that 
is  most  commonly  done  between  ^enters  is  the  fluting  of 
taps  and  reamers ;  the  milling  of  the  spaces  of  milling  cutters ; 
the  cutting  of  small  gear-wheels  and  sprocket  wheels;  the 
milling  of  squares  on  the  end  of  cylindrical  tools;  the  cut- 
ting of  short  keyways,  and  similar  work. 

72.  Confining  tlie  Work. — Work  held  between  the 
centers  is  caused  to  rotate  with  the  spindle  by  a  dog;  to  pre- 
vent any  rocking  of  the  work  the  tail  of  the  dog  must  be  con- 
fined by  a  setscrew,  which  is  always  fitted  to  the  face  plate  or 
driver.  When  the  tail  cannot  be  confined  with  the  setscrew, 
a  wooden  wedge  may  be  driven  in  between  the  tail  and  the 
driver.  Ordinary  lathe  dogs  are  not  particularly  well 
adapted  for  milling-machine  work,  since  their  tails  will 
rarely  come  opposite  the  setscrew  in  the  driver.  A  reg- 
ular clamp  dog  will  be  found  to  be  more  satisfactory  in 
all  respects  than  the  lathe  dog,  since  not  only  will  it  not 
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mar  the  work  as  much,  but  it  will  also  allow  the  tail  to 
be  brought  opposite  the  setscrew  on  all  kinds  of  work  within 
its  range. 

73.  Unins  tlie  Centers. — The  construction  of  plain 
index  centers  insures  that  they  are  always  in  line.  Univer- 
sal milling-machine  centers,  however,  require  lining  up  in  a 
vertical  plane  when  a  cut  is  to  be  taken  parallel  to  the  axis 
of  the  work.  Their  construction  insures  that  a  line  joining 
the  live  center  and  the  tailstock  center  will  always  lie  in  a 
vertical  plane  parallel  to  the  line  of  motion ;  hence,  no  lining 
up  sidewise  is  ever  required,  if  their  tongues  are  placed  in 
a  T  slot  of  the  table. 


74«  There  are  two  cases  that  may  arise  in  practice, 
which  require  a  slightly  different  method  of  procedure  to 
line  the  centers  up  to  the  same  height.  When  the  tailstock 
center  is  not  movable  in  a  vertical  plane,  as  in  the  case  of 
the  tailstocks  shown  in  Figs.  21  and  22,  proceed  as  follows: 

Set  the  index  head  as  closely 
as  possible  by  the  zero  mark 
on  the  frame  and  the  zero  of 
the  graduation  on  the  head. 
Then  place  some  piece  of 
metal,  as  a  in  Fig.  23,  one 
end  of  which  has  been  turned 
to  run  true,  between  the  cen- 
ters, with  the  turned  end 
toward  the  tailstock.  Now 
adjust  the  pointer  /  of  a  sur- 
face gauge  to  just  touch  a 
feeling  strip  of  paper  placed 
on  top  of  the  turned  end.  Next,  turn  the  piece  a  end  for 
end,  set  up  the  tailstock  center,  and  placing  the  feeling 
strip  on  a  again,  notice  if  the  pointer  will  touch  it.  If  it 
does  not  touch,  it  shows  that  the  spindle  has  been  depressed 
too  much  and  requires  raising;  conversely,  if  the  pointer 
will  not  pass  over  the  piece,  the  spindle  is  too  high. 
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75.  When  the  tailstock  is  so  arranged  that  the  dead 
center  is  movable  in  a  vertical  plane,  set  the  index  head 
to  zero  as  accurately  as  ^ 

possible.  Now  place  a 
true-running  milling- 
machine  arbor  in  the 
index-head  spindle 
(practically  all  modern 
milling  machines  have 
the  same  taper  hole  in 
the  spindle  and  index- 
head  spindle,  and, 
hence,  the  arbor  in- 
tended for  cutters  may 
be  used)  and  adjust  the 
pointer  ^  of  a  surface  gauge  to  just  touch  its  top  near  the 
shoulder,  as  shown  in  Fig.  24.  Shift  the  surface  gauge  to 
the  end  of  the  arbor;  if  the  pointer  just  touches  the  top 
again,  the  index-head  spindle  is  set  parallel  to  the  line  of 
motion  of  the  table.  To  adjust  the  tailstock  center,  use  a 
piece  as  explained  in  connection  with  Fig.  23,  placing  its 
turned  end  toward  the  index  head  at  first.  Raise  or  depress 
the  tailstock  center  until  the  pointer  of  the  surface  gauge 
shows  it  to  be  of  the  same  height  as  the  live  center.  When 
the  centers  are  in  line,  the  cut  will  be  parallel  to  the  axis  of 
the  work,  no  matter  what  kind  of  a  cutter  is  used. 
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76.  Cases  Arising  in  Practice. — When  cuts  are  to 
be  taken  at  an  inclination  to  the  axis  of  work  held  between 
milling-machine  centers,  that  is,  when  tapering  work  is  to 
be  milled,  the  work  may  be  set  to  the  required  inclination 
in  various  ways  depending  on  the  construction  of  the 
milling-machine  centers  available. 

The  cases  that  may  arise  in  practice  are  as  follows: 
{a)   Neither   the   index-head   spindle    nor   the    tailstock    is 
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adjustable  in  a  vertical  plane,  as  is  the  case  with  the  plain 
centers  shown  in  Fig.  21.  (6)  The  tailstock  is  adjustable  in 
a  vertical  plane,  (c)  The  index-head  spindle  may  be  swung 
in  a  vertical  plane,  (d)  The  index-head  spindle  may  be 
swung  in  a  vertical  plane  and  the  tailstock  is  adjustable 
vertically  in  the  same  plane,  {e)  The  index-head  spindle 
and  the  tailstock  may  be  swung  simultaneously  in  a  vertical 
plane  around  the  center  of  rotation  of  the  index  head. 

77.  Non- Adjust  able  Index  Head  and  Tailstock. 

Taking  up  case  {a),  there  are  two  ways  in  which  tapers 
may  be  milled,  depending  on  the  kind  of  machine  and  mill- 
ing cutter  available.  Using  a  horizontal  machine  and  a  plain 
cutter,  the  axis  of  the  work  a.  Fig.  25  (^),  may  be  brought 
to  the  required  inclination  to  the  line  of  motion  jr^,  by  pack- 
ing up  under  one  end  of  the  bed  6\  Fig.  21.  This  preserves 
the  true  alinement  of  the  centers;  that  is,  the  axis  of  the 
index-head  spindle  coincides  with  the  axis  of  the  dead  center 
irrespective  of  the  inclination  of  the  axis  of  the  index-head 
spindle  to  the  line  of  motion.  When  this  is  the  case,  the 
work  will  always  revolve  in  perfect  unison  with  the  spindle; 
that  is,  the  angular  movements  of  the  spindle  and  work  will 
always  be  alike,  in  consequence  of  which,  it  is  possible  to 
divide  tapering  work  into  even  divisions.  There  is  no  axial 
movement  of  the  tail  of  the  dog  during  the  revolution  of 
the  work,  and  there  is  no  cramping  and  springing. 

78.  When  plain  centers  are  used  for  a  vertical  milling 
machine  and  an  end  milling  cutter  is  employed,  the  adjust- 
ment is  identical  with  the  one  just  described.  When  a  plain 
cutter  is  to  be  used  in  a  vertical  milling  machine,  or  an  end 
mill  in  a  horizontal  machine,  the  centers  must  be  shifted 
sidewise;  that  is,  they  must  be  moved  in  a  horizontal  plane 
until  the  horizontal  angle  between  the  axis  of  the  work  and 
the  line  of  motion  of  the  table  is  equal  to  the  desired  angle. 
When  the  bed  of  the  centers  has  tongues  fitting  a  T  slot  of 
the  table,  it  will  be  necessary  to  interpose  parallel  bars 
between  the  table  and  the  bottom  of  the  bed. 


814 


MILLING-MACHINE  WORK. 


41 


79.  Raisins  tlie  Tailstoclc. — Case  {d)  usually  occurs 
with  plain  centers  that  are  fastened  directly  to  the  table, 
and  when  using  a  face  cutter  in  a  horizontal  milling 
machine,  or  an  end  mill  in  a  vertical  machine.     The  axis  of 


(a) 


Fig.  26. 


the  work  is  then  often  given  the  required  inclination  by 
blocking  up  either  the  index  head  or  the  tailstock  with  suit- 
able packing  blocks.     The  position  of  the  centers  in  that 
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case  is  shown  in  Fig.  25  (d).  Now,  in  packing  up  with 
parallel  packing  blocks,  the  axis  of  rotation  rs  oi  the  spindle 
remains  parallel  to  the  line  of  motion  x  y  oi  the  table,  but 
the  axis  of  the  work  and  spindle  are  at  an  inclination  to  each 
other.  This  condition  is  equivalent  to  that  existing  in 
lathe  work  when  taper  turning  is  done  with  the  tailstock 
center  set  over,  and  the  same  trouble  is  experienced  as  in 
lathe  work;  that  is,  the  angular  movements  of  the  spindle 
and  work  are  not  equal.  In  other  words,  with  the  centers 
out  of  line,  it  is  not  possible  to  obtain  even  divisions  of  the 
work  with  even  indexing.  The  trouble  is  intensified  by  the 
fact  that  the  tail  of  the  dog  in  milling-machine  work  requires 
to  be  confined  with  a  setscrew.  If  the  different  positions  of 
the  tail  during  one  revolution  of  the  work  be  observed  care- 
fully, it  will  be  seen  that  it  not  only  slips  to  and  fro  in  the 
slot  of  the  driver,  but  it  also  has  a  rocking  motion  at  the 
same  time.  Now,  if  the  spindle  is  revolved  while  the  set- 
screw  is  set  against  the  tail,  the  latter  will  be  cramped,  and 
either  must  bend  or  the  work  must  spring.  For  this  reason, 
whenever  work  held  between  centers  that  are  not  in  line 
with  each  other  is  revolved,  the  setscrew  should  be  loosened 
before  revolving  the  index-head  spindle  and  tightened  again 
on  the  completion  of  the  movement.  While  this  will  pre- 
vent springing  of  the  work,  it  will  7iot  insure  even  divisions. 

80.  When  plain  centers  or  universal  centers  intended  to 
he  fastened  directly  to  the  table  are  to  be  used  in  a  horizon- 
tal machine  for  taper  work  where  the  cutting  is  to  be  done 
by  an  end  mill,  or  by  a  plain  mill  in  a  vertical  machine,  the 
centers  must  be  shifted  sidewise;  i.  e.,  in  a  horizontal  plane, 
until  the  line  joining  them  makes  the  required  horizontal 
angle  to  the  line  of  motion  of  the  table.  For  this  purpose, 
raising  blocks,  if  available,  may  be  used;  in  the  absence  of 
such  blocks,  the  centers  may  be  blocked  up  on  parallel  bars. 
In  order  to  obtain  even  divisions,  place  the  tailstock  center 
so  that  it  coincides  with  the  axis  of  the  index-head  spindle. 
Instead  of  fastening  the  centers  separately  to  the  table,  it 
will    be    found  much    better  to  have    them    attached    to  a 
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temporary  bed,  which  insures  their  always  being  in  line,  and 
swivel  the  bed  upon  the  table. 

81.  Adjuatable  Index  Head. — Case  {c)  occurs  -with 
some  designs  of  universal  index  centers,  where  the  tailstock 
is  not  adjustable  in  a  vertical  plane,  and  when  the  work  is 
done  with  a  face  cutter  in  a  horizontal  machine,  or  an  end 
mill  in  a  vertical  machine.  The  index  head  is  then  raised  or 
depressed  to  suit  the  taper.  All  that  can  be  said  for  this 
method  is  that  it  still  further  aggravates  the  evils  of  unequal 
spacing  and  cramping  of  the  dog.  Comparing  equal  tapers, 
case  {c)  will  give  errors  slightly  more  than  double  those  due 
to  case  {6).  Whenever  the  nature  of  the  work  allows  it  at 
all,  it  is  best  to  place  the  work  between  the  centers  so  that 
the  index-head  spindle  is  raised  above  a  horizontal  plane; 
the  tailstock  can  then  usually  be  blocked  up  by  packing 
blocks  or  parallel  bars  until  the  axis  of  rotation  of  the  index- 
head  spindle  coincides  with  the  dead  center,  as  shown  in 
Fig.  25  (d).  When  this  is  done,  even  divisions  will  be 
obtained  and  there  is  no  cramping  of  the  dog  or  springing  of 
the  work.  The  only  objection  to  the  use  of  a  parallel  pack- 
ing block,  or  parallel  bars,  for  raising  the  tailstock  is  that 
the  dead  center  will  not  have  a  fair  bearing  in  the  counter- 
sink of  the  work.  When  conditions  permit,  a  tapering 
packing  block  may  be  made  in  order  to  overcome  this 
trouble. 

82.  Adjustable  Index  Head  and  Tailstock. — When 
the  tailstock  center  is  adjustable  in  a  vertical  plane  inde- 
pendently of  the  live  center,  which  is  case  {d),  the  tail- 
stock  center  may  be  raised  until  it  coincides  with  the  axis 
of  rotation  of  the  spindle.  Even  divisions  may  then  be 
obtained. 

83.  Taper  Attacliment. — Case  {e)  involves  a  special 
construction  of  the  index  centers  ;  Fig.  2G  shows  the  design 
that  has  been  adopted  by  the  Brown  &  Sharpe  Manufactur- 
ing Company  for  this  purpose.  In  this  device,  the  live  cen- 
ter a,  which  fits  the  tapering  hole  of  the  index-head  spindle, 
has  a  large  cylindrical  collar  in  front  that  closely  fits  a  bored 
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hole  in  an  arm  of  the  bed  b.  The  taJIstock  c  is  mounted  on 
this  bed  in  such  a  manner  that  it  can  be  moved  along  to 
accommodate  different  lengths  of  work  ;  the  construction 
of  the  bed  insures  that  the  dead  center  is  always  in  line 
with  the  axis  of  rotation  of  the  live  center.  In  use,  the 
live  center  is  driven  home  in  the  index-head  spindle  ;  the 
index  head  is  then  raised  until  the  required  inclination  has 


Fio.  M. 

been  reached  and  the  free  end  of  the  bed,  which  swings 
with  the  index  head,  is  tied  to  the  table  by  clamping  it 
to  the  bracket  d.  This  bracket  has  previously  been  bolted 
to  the  table.  The  device  shown  insures  that  the  axis  of 
rotation  of  the  live  center  always  coincides  with  the  dead 
center,  and,  consequently,  even  divisions  may  be  obtained. 

S4.     Precaution*  to  be  Observed. — The  precautions 

to  be  observed  in  milling  taper  work  between  centers  when 
even  divisions  are  to  be  obtained  may  be  summed  up  as 
follows  :  the  axis  of  rotation  of  the  spindle  aitd  the  axis  of 
rotation  of  the  work  must  coincide.  When  this  condition  is 
not  attainable,  it  is  impossible  to  obtain  even  divisions. 
When  the  angle  of  inclination  is  small,  the  errors  of  division 
will  be  very  small  ;  they  will  rapidly  increase,  however,  for 
any  increase  of  the  inclination. 

85.  It  is  to  be  noted  that  with  a  constant  difference  of 
elevation  between  the  centers,  the  angle  of  inclination  of 
the  axis  of  the  work  to  the  line  of  motion  of  the  table  in 
cases  (*),  (c),  and  {d)  will  vary  for  different  lengths  of 
work,  and,  hence,  the  tailstock  center  must  be  moved  up  or 
down  for  different  lengths  of  work  if  the  angle  of  inclination 
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is  to  be  kept  constant.  In  cases  where  the  two  centers  are 
attached  to  a  separate  bed  that  preserves  their  alinement, 
and  where  the  bed  is  then  inclined  or  swiveled,  as  in  case  (a) 
or  (^),  for  instance,  the  angle  of  inclination  to  the  line  of 
motion  is  not  affected  by  the  distance  between  the  centers; 
i.  e.,  by  the  length  of  the  work.  In  case  (r),  it  is  to  be  fur- 
ther noted  that  no  attention  must  be  paid  to  the  graduation 
marks  of  the  index  head  ;  these  do  not  show  the  angle  of 
inclination  between  the  axis  of  the  work  and  the  line  of 
motion  of  the  table.  In  case  {d),  however,  the  graduations 
will  correctly  indicate  the  angle  of  inclination,  but  only 
when  the  tailstock  center  has  been  raised  enough  to  make 
the  axis  of  rotation  of  the  index-head  spindle  and  work 
coincide.  As  far  as  case  (e)  is  concerned,  the  construction 
insures  that  the  graduation  marks  correctly  indicate  the 
inclination. 

80.  Millinsr-Macliiiie  Doff. — In  Art.  79  it  was  men- 
tioned that  the  tail  of  the  dog  will  cramp  badly  when 
taper  work  is  done  with  the  centers  set  out  of  line.  The 
dog  shown  in  Fig.  27  (a)  overcomes  this  trouble  entirely; 
it  requires  a  pair  of  special  driving  jaws  to  be  attached  to 
the  regular  driver  or  face  plate.     Referring  to  the  figure,  it 


Fig.  27. 

is  seen  that  the  dog  has  an  offset  cylindrical  tail  that  is 
placed  between  the  special  jaws  a  and  ^,  as  shown  in 
Fig.  27  (d).  The  jaw  a  is  bolted  to  the  face  plate  c  and  car- 
ries a  small  slide  to  which  the  movable  jaw  d  is  clamped. 
In  use,  the  dog  is  placed  on  the  work  so  that  the  axis  of  the 
tail  is  about  flush  with  the  end  of  the  work.     The  tail  is 
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now  placed  in  contact  with  the  fixed  jaw  a^  and  the  movable 
jaw  b  is  pushed  against  it  and  locked.  Owing  to  the  con- 
struction, the  dog  can  rock  freely  during  the  revolution  of 
the  work  and  there  is  a  complete  absence  of  cramping  or 
bending  of  the  work.  This  kind  of  dog  produces  less  error 
in  dividing  work  than  the  bent  tail-dog;  it  will  not,  how- 
ever, as  is  commonly  claimed,  allow  even  divisions  to  be 
made  while  the  centers  are  out  of  line. 

87.  Lrinins    tlie    Centers   for   Taper    Work. — As 

previously  stated,  -when  even  divisions  are  to  be  produced 
on  work  done  between  centers,  it  is  absolutely  necessary 
that  the  centers  be  in  line;  that  is,  the  axis  of  rotation  of 
the  work  and  of  the  index-head  spindle  must  coincide.  The 
shifting  of  the  centers  to  bring  them  into  alinement  is  a 
matter  that  naturally  depends  on  their  construction  and  the 
conditions  of  each  case,  and  no  general  direction  that  could 
be  given  would  be  of  the  same  value  as  the  exercise  of  a 
little  judgment.  Their  correct  alinement  may  be  tested  in 
various  ways  ;  one  of  the  simplest  and  most  accurate 
methods  is  here  given,  which  has  the  advantage  that  it 
requires  no  special  tools  whatsoever,  is  rapid,  and  does  not 
call  for  the  exercise  of  any  special  skill. 

88.  Place  the  work  a^  Fig.  28,  between  the  centers  with 
a  clamp  dog  moinited  on  it.     Revolve  it  until  the  tail  of  the 

dog  is  on   top  and 

in  the  vertical  plane 

passing  through  the 

axis   of    the    work. 

Now  adjust  the  dog 

until  the  end  of  the 
iJne_8L^or^ ^.^U  ^m  j^^^^.  ^^^^^^ 


^''^^'-  ^  a     feeling    piece    /; 

placed  between  it  and  the  driver  c.  This  feeling  piece  may 
be  a  strip  of  tin,  paper,  brass,  etc.  Remove  the  feeling 
piece  and  give  the  index-head  spindle  one-half  turn,  thus 
bringing  the  spot  on  the  driver  that  was  opposite  the  end 
of    the    tail    to   the    bottom.      Revolve    the    work   one-half 
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revolution  and  observe  if  the  feeling  piece  will  go  between 
the  driver  and  the  dog.  If  it  does  not  do  so,  the  tailstock 
center  is  too  low ;  if  it  enters  freer  than  it  did  in  the  first 
position,  the  tailstock  center  is  too  high,  and  if  it  just  goes 
in  with  the  same  degree  of  tightness  that  it  did  in  the  first 
position,  the  centers 


(a) 


are  in  line  in  a  ver- 
tical direction.  To 
test  their  alinement 
sidewise,  place  the 
driver  and  dog  into 
their  two  horizontal 
positions  and  apply 
the  feeling  piece  in 
each  position.  If  for 
any  reason  the  work 
itself  cannot  be  used, 
a  mandrel  of  the 
same  length  as  the 
work  may  be  em- 
ployed instead.  In 
that  case,  the  size  of 
the  centers  in  the 
mandrel  must  be 
the  same  as  that  of 
the  centers  of  the 
work. 

89.     Setting 
Taper  Work. — 

The  cases  that  arise 

in  practice  in  milling 

taper  work   between 

centers    require   the 

cut  to  be  taken  either  parallel  to  the  surface  of  the  work 

or  at  an  inclination  to  it.     When  setting  the  centers  so  that 

the  cut,  the  depth  of  which  is  represented  by  the  dotted 

line  ab  iti  Fig.  29  (a),  will  be  parallel  to  the  surface  of  the 


(b) 

Fig.  29. 
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work,  a  surface  gauge  may  be  employed  for  testing  when 
using  a  horizontal  milling  machine  and  a  plain  cutter,  or  a 
vertical  milling  machine  and  an  end  mill. 

90«  The  work  having  been  placed  between  the  centers, 
these  are  adjusted  by  eye  until  the  top  of  the  work  appears 
about  parallel  to  the  surface  of  the  milling-machine  table. 
The  pointer/,  Fig.  29  (tf),  of  a  surface  gauge  is  then  ad- 
justed to  just  touch  the  work  at  one  end  ;  the  gauge  is  now 
shifted  to  the  other  end,  into  the  position  shown  in  dotted 
lines,  and  it  is  noted  if  the  pointer  is  again  in  contact  with 
the  work.  If  it  does  not  touch,  it  shows  that  the  work  must 
be  raised  at  the  left  end,  or  the  right  end  must  be  depressed. 
After  shifting,  the  testing  is  repeated  until  the  surface 
gauge  shows  the  work  to  be  parallel  to  the  line  of  motion. 

91.  When  the  cut  is  to  be  deeper  on  one  end  than  at  the 
other,  as  indicated  by  the  dotted  line  a  b  in  Fig.  29  (^),  the 
setting  may  be  tested  by  a  surface  gauge  and  an  auxiliary 
test  piece  c.  This  test  piece  should  be  a  very  narrow  strip 
of  metal  whose  height  is  made  equal  to  the  difference  in  the 
depth  of  the  cut  at  the  two  ends.  Place  the  block  on  top 
of  the  work,  holding  it  parallel  to  the  table  and  set  the 
pointer  /  of  a  surface  gauge  to  touch  it.  Then  shift  the 
surface  gauge  to  the  other  end  and  note  whether  the  pointer 
touches  the  work.  If  it  does  touch,  the  work  is  correctly 
set;  otherwise,  it  must  be  shifted  and  the  testing  repeated. 

92.  When  using  a  plain  cutter  in  a  vertical  machine,  or 
an  end  mill  in  a  horizontal  machine,  the  surface  gauge  can- 
not be  readily  used  for  lining  the  work.  In  these  cases,  a 
pointer  may  be  clamped  to  the  spindle,  or  one  of  the  cutting 
edges  of  the  cutter  itself  may  be  used  for  testing  the  setting, 
traversing  the  work  past  the  selected  testing  point  by  moving 
the  table.  In  the  case  of  a  plain  mill  used  in  a  horizontal 
machine,  or  an  end  mill  used  in  a  vertical  machine,  the  set- 
ting may  be  tested  by  the  cutter;  but,  as  a  general  rule,  it 
is  more  convenient  to  use  a  surface  gauge  in  the  manner 
explained. 
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93.  On  some  classes  of  work,  as,  for  instance,  when  a 
bevel  gear  is  to  be  cut  between  centers,  the  angle  that  the 
cut  makes  with  the  axis  of  the  work  is  given.  With  a  uni- 
versal head,  raise  the  index  head  until  the  graduations  indi- 
cate the  given  angle  ;  now  place  the  work  between  the 
centers  and  raise  the  tailstock  until  it  is  in  line,  testing  by 
means  of  the  method  described  in  Art.  88.  When  a  special 
attachment  like  that  shown  in  Fig.  26  is  used,  the  testing  is 
superfluous  ;  all  that  is  required  is  to  set  the  index  head  to 
the  given  angle. 

94.  When  the  centers  are  to  be  set  sidewise  to  a  given 
angle,  as  occurs  when  using  them  in  a  horizontal  machine 

lint  of  Afotfon. 
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with  an  end  mill,  or  a  vertical  machine  with  a  plain  mill, 
there  are  usually  no  graduations  available  by  which  to  set 
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the  centers.  Various  expedients  may  then  be  adopted.  For 
instance,  a  piece  of  tin,  as  a^  Fig.  30  (tf),  may  be  cut  so  that 
the  angle  b  equals  the  given  angle.  This  is  then  placed 
against  a  cylindrical  mandrel  held  between  the  centers, 
which  are  now  shifted  until  a  traversing  of  the  table  past 
the  stationary  testing  point  /  shows  the  side  c  d  oi  the  tri- 
angle a  to  be  parallel  to  the  line  of  motion  of  the  table.  The 
testing  point  may  be  a  piece  of  wire  clamped  to  the  spindle. 

95.  When  a  bevel  protractor  of  the  type  shown  in 
Fig.  30  {b)  is  available,  it  may  be  set  to  the  required  angle 
and  placed  against  a  cylindrical  mandrel  held  between  the 
centers.  Their  setting  may  then  be  tested  by  traversing 
the  table,  and,  hence,  the  blade  of  the  bevel  protractor,  past 
a  stationary  testing  point  /. 

96.  When  the  two  centers  are  mounted  upon  a  bed,  this 
bed  will  usually  have  some  vertical  surface  that  is  parallel 
to  a  vertical  plane  passing  through  the  centers.  In  that 
case  the  bevel  protractor  or  the  tin  triangle  may  be  ap- 
plied to  that  surface,  instead  of  to  the  mandrel,  observing 
the  necessary  precaution  of  holding  the  instrument  used 
parallel  to  the  surface  of  the  milling-machine  table. 


MILLING-MACHINE  WORK. 

(PART  3.) 


USE  OF  MILLING  MACHINE. 


HOLDING  MTORK    IN  A  CHUCK. 

1.  Millins-Machine  Chuck. — As  a  general  rule,  the 
chuck  used  in  milling-machine  work  is  a  self-centering  lathe 
chuck  that  is  fitted  to  a  face  plate  screwed  to  the  index-head 
spindle.     For  holding  small  cylindrical  work,  a  high-grade 
self-centering  drill  chuck  of  the  Almond  or  Beach  type  may 
be  fitted  to  a  shank  that  fits  the  hole  of   the   index-head 
spindle.     Regular   independent-jaw   lathe   chucks   may   be 
used  for  the  index-head  spindle;  these  have  the  advantage 
that   work   held  in  them   can  be   trued   up  until   its   axis 
coincides  with  the  axis  of  rotation  of  the  spindle.     It  is 
rarely  advisable,  however,  to  fit  an  independent-jaw  chuck 
to   the   index  head   unless  the   milling-machine   spindle  is 
threaded    the  same  as  the  index-head   spindle;    the  chuck 
can   then  be   screwed  to  the   milling-machine  spindle  and 
the  work  there  trued  up  easily.     After  truing,  the  chuck  is 
transferred  to  the  index  head.     It  is  a  very  tedious  job  to 
true  work  in  a  chuck  while  on  the  index-head  spindle,  except 
in  those  machines  which  are  provided  with  means  for  dis- 
engaging the  worm  and  worm-wheel. 

2.  Self-centering  drill  chucks,  if  of  a  high  grade  and 
carefully  fitted,  can  be  relied  on  to  hold  work  within  their 
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capacity  very  true ;  they  will  also  stay  true  for  a  long  time 
if  used  with  a  reasonable  amount  of  care.  Self-centering 
lathe  chucks,  even  though  made  with  the  greatest  of  care, 
will  rarely  hold  work  so  that  its  axis  coincides  with  the  axis 
of  rotation ;  in  spite  of  careful  use,  they  will  soon  wear  still 
further  out  of  true.  For  this  reason,  it  is  not  advisable  to 
use  a  self-centering  lathe  chuck  for  work  that  requires  cuts 
to  be  very  true  in  respect  to  its  axis ;  when  this  is  considered 
essential,  the  work  should  be  trued  up  in  some  other  manner, 
as,  for  instance,  by  clamping  it  to  a  true-running  arbor  or 
similar  device. 

3.  Examples  of  Chuck  Work. — There  is  a  great 
variety  of  work  that  can  advantageously  be  done  with  the 
piece  held  in  a  chuck,  among  which  may  be  mentioned  the 
milling  of  squares  on  the  ends  of  taps  and  reamers,  the  cut- 
ting of  axial  grooves  on  work  too  long  to  go  between  the 
centers  but  small  enough  to  pass  through  the  index-head 
spindle,  milling  out  the  spaces  of  spring  dies  and  hollow 
mills,  and  similar  work.  A  few  examples  are  here  given, 
which  will  act  as  suggestions  as  to  the  class  of  work  and  the 
kind  of  cuts  for  which  the  chuck  is  adapted. 

4.  GrooviiiK  Work  Held  in  Cliuck. — Fig.  1  is  a  front 
view,  looking  in  the  direction  of  the  line  of  motion  of  the 

table,  of  one  style  of  an  in- 
dex head,  which  carries  the 
three-jawed    chuck    <7,     in 

r  which  the  work  b  is  held. 
A  straight  groove  having  a 
rectangular  cross-section  is 
to  be  milled  in  the  work  to 

•-  take  a  feather;  in  other 
words,  the  work,  which  may 
be  assumed  to  be  a  shaft,  is 
to  be  splined  for  a  part  of 
its  length.  When  the  groove 
^^^'  ^-  is  to  terminate  in  the  manner 

shown  in  Fig.  2  (rr),  an  end  mill  c  would  have  to  be  used,  as 
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shown  in  Fig.  1.  When  such  a  groove  is  to  begin  at  some 
distance  from  the  end,  a  hole  slightly  smaller  than  the  fin- 
ished width  of  the  groove  should  be 
drilled  where  the  groove  is  to  start; 
this  hole  should  have  the  same  depth 
as  the  groove,  and  will  make  it  easier 
to  sink  the  end  mill  into  the  metal. 
Some  workmen  prefer  to  drill  a  hole 
where  the  groove  is  to  terminate, 
but  there  is  no  particular  advantage 
to  be  derived  from  this  practice.  If 
it  is  done,  it  is  recommended  to  drill 
this  hole  considerably  smaller  than 
the  width  of  the  groove,  in  order 
to  allow  the  end  mill  to  finish  the 
groove  nicely. 

5.  When  the  character  of  the  work  demands  that  the 
groove   terminate   in  the  manner  shown  in  the  top  view 

and  longitudinal  section 
in  Fig.  2  (^),  a  plain  cut- 
ter must  be  selected.  In 
that  case  (for  a  horizontal 
milling  machine),  the  cut 
would  be  taken  on  top  of 
the  work,  as  shown  in 
Fig.  3.  When  a  groove 
like  that  shown  in  Fig. 
2  (d)  does  not  begin  at 
the  end,  it  can  be  easily 
cut  by  dropping  the  cut- 
ter into  the  work ;  no  hole 
need  be  drilled  and  no 
Fio.  8.  chipping  out  is  required, 

as  the  plain  cutter  will  easily  clear  itself  of  chips. 

6.  Mlllinsr  Poly}i:(>nH. — When  milling  a  square,  or  any 
other  polygon,  on  the  end  of  round  work  held  in  the  chuck, 
the  way  in  which  the  cut  is  to  terminate  will  determine  the 
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kind  of  cutter  to  be  used  and  the  direction  of  the  feed. 
For  instance,  when  a  horizontal  machine  and  a  plain  cutter 
are  used,  with  a  direction  of  feed  as  indicated  by  the  arrow  x 

in  Fig.  4  (<i),  the  cut 
must  be  taken  over 
the  top  of  the  work, 
and  will  terminate 
in  a  curved  shoulder 
having  a  radius  of 
curvature  equal  to 
the  radius  of  the  cut- 
ter. For  some  work, 
this  may  be  a  de- 
cided advantage,  as, 
for  instance,  when 
milling  a  punch,  since 
this  way  of  termina- 
ting the  cut  will  leave 
the  punch  very  strong 
and  greatly  reduce  its 
liability  to  crack  in 
hardening;  for  other 
work,  again,  it  may 
be  a  decided  disad- 
vantage. Thus,  as- 
sume that  the  square 
at  the  end  of  a  tap 
was  cut  in  the  man- 
ner illustrated  in 
Fig.  4  (a).  Then, 
the  tap  wrench  will 
jam  on  the  curved 
shoulders  and  become 
difficult  to  remove. 
In  this  case,  it  is  bet- 
ter to  terminate  each  flat  with  a  shoulder;  this  may  be  done 
by  using  an  end  mill  or  a  side  mill,  feeding  in  the  direction 
of  the  arrow  x  in  Fig.  4  (bi). 


Fic;.  4. 
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7.  When  conditions  permit  a  cut  to  terminate  in  a  shoulder 
curved  as  shown  in  Fig.  4  (r),  the  milling  may  be  done  with 
an  end  mill,  a  side  mill,  or  a  pair  of  side  mills  used  as  strad- 
dle mills,  feeding  in  the  direction  of  the  arrow  x.  In  that 
case,  the  axis  of  the  work  should  intersect  the  axis  of  rota- 
tion of  the  cutter.  Comparing  squares  and  cutters  of  equal 
size,  it  will  be  found  that  a  square  made  as  in  Fig.  4  {c)  can 
be  finished  in  a  fraction  of  the  time  that  is  required  for 
finishing  it  in  the  manner  shown  in  Fig.  4  (b).  The  reason 
is  to  be  found  in  the  difference  in  the  distances  the  cutter 
has  to  travel  in  order  to  complete  the  cut ;  the  distance  to 
be  traveled  by  the  cutter  is  least  when  milling  as  shown  in 
Fig.  4  {c). 


8.  Circular  Cbuck  Work. — Fig.  5  is  a  suggestion  of 
what  may  be  done  in  the  way  of  circular  milling,  using  in 
this  case  a  horizontal  ma- 
chine and  an  end  mill. 
The  work  is  shown  to  an 
enlarged  scale  in  Fig. 
5  {a)\  it  is  required  to 
finish  the  curved  sur- 
face tf,  and  also  the  rest 
of  the  face.  This  may  be 
done  by  holding  the 
stem  b  of  the  work  in  the 
chuck  and  using  an  end 
mill,  as  shown  in  Fig. 
5  {b).  For  finishing  the 
curved  surface,  the  axes 
of  rotation  of  the  cutter 
and  of  the  work  should 
not  intersect,  but  the  axis 
of  the  cutter  should  be 
below  the  axis  of  the  work 
a  distance  at  least  equal 
to  the  radius  of  the  cen- 
tral hole  in  which   the  j^f,  ^ 
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teeth  of  an  end  mill  terminate.  Wlien  cutting  the  curved 
surface  a  of  the  work,  the  feeding  is  done  by  rotating  the 
index-head  spindle  in  the  direction  of  the  arrow  x.  As 
soon  as  the  cutter  has  passed  clear  over  the  curved  surface, 
the  knee  of  the  mill- 
ing machine  is 
raised;  the  work  is 
then  rotated  until 
the  face  c  is  vertical. 
By  means  of  the 
cross- feed  screw,  the 
table  is  fed  toward 
the  cutter  until  the 
required  depth  of  cut 
is  reached ;  the  feed- 
ing is  then  done  by 
lowering  the  knee 
until  the  curved 
part  of  the  work  is 
reached.  The  index- 
head  spindle  is  now 
slowly  rotated  in  the 
direction  of  the 
arrow  x  until  the 
side  c'  comes  vertical ; 
the  knee  is  then  fed 
upwards  until  the 
cutter  has  passed 
over  c',  which  com- 
pletes the  milling  of 


the 


ork. 


The 


lethod  of  fin- 


ishi 


the 


piece 


explained    is   not   given    as   the 
Jul)    can    be    done,     nor    is    it     c 
way.      It    is    given    merely  for    tli 


shown  in  Fig.  5  {a) 

that    has    just   been 

ly    way   in   which   this 

nied    to    be    the    best 

purpose  of   suggesting 
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'  the  operator  the  character  of  wurk  that  may  be  done 
this  manner. 

9.  Precautlonn. — When  cuts  are  to  be  taken  at  one 
iide  of  the  center  on  work  held  in  the  chuck,  it  should 
,Iways  be  the  aim  to  select  the  cutter  or  arrange  the  machine 
o  that  the  pressure  of  the  cut  will  not  unscrew  the  chuck 
rom  the  spindle. 

Suppose  a  cut  is  taken  as  shown  in  Fig.  C  («),  and  that  the 
ibuck  is  screwed  on  with  a  right-hand  thread.  Then,  the 
Tcssure  of  the  cut  will  tend  to  rotate  the  chuck  in  ihedirec- 
[on  of  the  arrow  .v,  that  is,  left-handed;  this  will  unscrew 
he  chuck.  For  making  the  cut,  the  cutter  should  occupy 
ihe  position  shown  in  Fig.  G  {/>);  the  pressure  of  the  cut 
rill  then  tend  to  n>tale  the  chuck  in  the  direction  of  the 
irrow  J",  and  thus  tend  to  screw  it  home  more  firmly. 

10.  It  is  not  always  possible  to  select  the  cutter  or 
irrangc  the  machine  so  that  the  pressure  of  the  cut  will  not 
end  to  unscrew  the  chuck.  A  good  example  of  this  is  the 
lollow  mill  shown  in  Fig.  t,  which  is  extensively  used  in 
tirret-lathe  and  screw-machine  work.  Such  mills,  as  a  gen- 
:ral   rule,   cut  right-handed,   the  term  right-handed  being 


itpplicd  to  thii  mill  in  accurdance  with  the  practice  existing 
n  regard  to  milling  cutters.  It  can  readily  lie  seen  that  in 
pnilliRg  out  a  hollow  mill  in  order  to  form  the  cutting  edges, 
!  cut  must  be  Uikeri  to  the  left  of  the  center,  or  as  in 
^g.  6  (tf).  Now,  if  the  chuck  is  screwed  on  with  a  right- 
Itnded  thread,  there  is  a  tendency  to  unscrew  the  chuck, 
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which  is  quite  pronounced  on  account  of  the  width  and 
depth  of  the  cut.  For  this  reason,  special  care  is  required 
to  jam  the  chuck  firmly  against  the  shoulder  on  the  index- 
head  spindle,  when  the  thread  is  right-handed,  and  great 
care  must  also  be  exercised  when  taking  the  cut.  It  some- 
times is  possible  to  block  the  chuck  by  putting  a  jack  under 
one  of  the  jaws,  and  this  should  be  done  whenever  circum- 
stances permit.  When  a  chuck  that  is  fitted  to  the  index- 
head  spindle  by  a  shank  is  available,  and  is  of  sufficient  size, 
it  should  be  used  in  preference  to  a  screwed  chuck. 

11.     Angular  Cuts. — Cuts  may  be  made  at  an  angle  to 

the  axis  of  work  held  in  the  chuck  by  inclining  the  universal 
head,  as  shown  in  Fig.  8.  A  great  variety  of  work  can 
thus  be  done,  as,  for  instance,  milling  the  teeth  on  the  end 

of  end  mills,  or  the  teeth  on  the 
sides  of  solid  side  mills,  milling 
bevel  gears,  etc.  Some  varieties 
of  work  can  advantageously  be 
held  in  the  chuck,  while  others 
can  be  done  more  readily  and 
accurately  by  using  some  other 
holding  device,  as  an  arbor,  for 
instance. 

1  2.     In  order  that  the  chuck 
jaws  may  not  cut  into  the  sur- 

Ua^-^f.  f^ot'Pn face  of  finished   work,   strips  of 

^^^'-  ^  soft  copper,  brass,  or  sheet  tin 

may  be  placed  between  the  jaws  and  the  work.  When  using 
the  chuck,  the  work  should  project  as  little  as  circum- 
stances permit,  both  in  order  to  get  a  fair  bearing  of  the 
jaws  and  also  to  reduce  the  spring  of  the  work  during  the 
cutting  operation. 

AKBORS   FOR    INDRX-HBAI)   USB. 

13.  MilUnjr-Macliine  Arbor. — Arbors  that  are  to  be 
used  in  the  index  head  may  be  made  in  many  different  ways 
to  suit  the  nature  of  the  job.     For  holding  saw  blanks,  face 
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cutters,  solid  side  cutters,  and  other  similar  cutting  tools 
for  the  milling  machine  while  milling  the  teeth  in  them,  a 
regular  niilling-machine  arbor  can  often  be  used  to  ad- 
vantage. 

On  many  jobs,  such  an  arbor  cannot  be  used  very  readily 
on  account  of  its  being  in  the  way  of  the  milling  cutter;  in 
such  a  case,  some  other  design  of  arbor  must  be  adopted. 
In  designing  such  a  special  arbor,  the  nature  of  the  job  will 
largely  determine  its  shape,  and  will  usually  narrow  the 
choice  down  to  a  very  limited  range  of  designs.  Several 
special  designs  are  here  given  as  suggestions  of  what  may 
be  done. 


14.     Bxpandins  Arbors. — Fig.  9  (a)  is  one  design  of 
a  special  arbor  intended  for  holding  work  with  a  central  hole 


(bj 


\} 
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in  such  a  manner  as  to  allow  it  to  be  milled  on  the  side;  as, 
for  instance,  a  small  side  milling  cutter,  or  a  bevel  gear. 
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The  front  end  of  the  arbor  is  split  into  three  or  more  parts 
by  slots  terminating  in  holes  close  to  the  shoulder.  A  screw 
with  a  tapering  head  will  expand  the  split  end  so  as  to  hold 
the  work,  which  is  slipped  on  the  arbor  before  the  screw  is 
tightened.  The  split  end  of  the  arbor  must  be  a  fair  fit  in 
the  hole  of  the  work  before  expanding.  The  arbor  shown 
will  hold  the  work  central,  and  is  cheap  in  first  cost.  Its 
disadvantages  are  that  it  can  be  used  for  only  one  size  of 
hole,  and  that  it  will  not  hold  the  work  as  firmly  as  some 
other  designs. 

15.  Fig.  9  (d)  shows  a  design  intended  to  overcome  one 
of  the  disadvantages  of  the  arbor  just  shown.  The  end  is 
split  into  three  or  more  parts  and  is  made  to  fit  the  hole  of 
the  work ;  a  central  hole  is  drilled  clear  through  the  arbor 
and  is  reamed  out  tapering  at  the  front  end.  A  taper  pin  b 
is  fitted  to  it,  and  is.  driven  in  to  expand  the  arbor.  To 
loosen  the  work,  the  pin  is  driven  out.  This  may  be  done 
with  a  rod  and  hammer;  the  rod  may  be  dispensed  with  if 
the  taper  pin  is  made  with  a  long,  straight  shank  extending 
beyond  the  end  of  the  index-head  spindle,  as  is  shown  in  the 
illustration.  If  the  split  end  befc^re  expanding  is  a  fair  fit 
in  the  hole  of  the  work,  it  will  hold  the  latter  central  and 
also  very  firmly,  since  a  greater  pressure,  and  hence  more 
friction,  can  be  created  by  driving  the  taper  pin  home  than 
it  is  possible  to  obtain  by  tightening  a  conical-headed  screw 
with  a  screwdriver.  This  design  is  perhaps  slightly  more 
expensive  than  the  previous  one,  but  it  is  to  be  preferred 
because  it  holds  the  work  more  firmly.  It  retains  tlic  dis- 
advantage of  being  adapted  for  but  one  size  of  hole. 

16.  Bushed  Bxpandlnji;  Arbor. — A  design  that  can 
easily  be  adapted  to  various  sizes  of  holes  at  a  comparatively 
slight  expense  is  shown  in  Fig.  9  (c).  Here  the  front  end  of 
the  arbor  is  tapered  slightly,  so  that  the  included  angle  is, 
say,  from  2°  to  3".  A  bushing  c  is  bored  to  fit  the  tapered  end 
of  the  arbor,  and  is  turned  outside  to  fit  tl^e  hole  of  the  work. 
It  is  si)lit  by  an  axial  slot  (/;  in  order  to  allow  it  to  expand 
easily,    several    slots,    as  r  and  /,   may  be   cut  around   its 
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circuinference.  The  busliing  may  be  expanded  by  a  bolt^ 
extending  clear  through  the  arbor  and  having  a  nut  at  the 
rear  end,  or  it  may  be  locked  by  simply  driving  it  home. 
In  order  to  adapt  the  arbor  to  a  different  size  of  hole,  a  new 
bushing  is  the  only  tiling  required.  The  arbor  shown  must 
be  removed  from  the  index-head  spindle  to  change  the 
work,  since  the  work  can  only  be  removed  from  the  arbor  by 
driving  it  off,  A  nut  may  be  placed  back  of  the  bushing  so 
that  the  work  can  be  forced  off  without  removing  the  arbor. 
17.  Cbuck  Arbor. — Fig.  10  is  a  design  of  arbor  that 
would,  perhaps,  more  properly  be  called  a  chuck,  since  it  is 
used  to  hold  work  with  a  cylindrical  part.  The  front  end 
of  the  arbor  is  bored  out  to  fit  the  work  closely;  its  outside 
is  turned  tapering  and  threaded  at  the  rear.  It  is  split  into 
three  or  more  parts  (four  in  this  case)  and  has  a  sleeve 
nut  a  fitted  to  it.     This  sleeve  nut  has  holes,  as  b,  b,  drilled 


in  it  to  take  the  pin  of  a  spanner  wrench  The  work,  as, 
for  instance,  the  bevel-gear  blank  c,  is  placed  m  the  arbor 
and  the  nut  a  is  screwed  home  with  a  spanner  wrench;  this 
causes  the  split  end  to  hold  the  work  centrally  and  grip  it 
quite  firmly.  In  order  to  hold  the  work  securely,  it  is 
necessary  that  the  cylindrical  part  of  the  work  is  a  fair  fit 
in  the  hole  of  the  arbor. 

The  arbor  shown  can  be  adapted  to  a  limited  range  of 
sizes  by  fitting  concentric  split  bushings  to  it;  it  cannot  be 
expected  in  that  case  to  grip  the  work  as  firmly  as  it  does 
when  no  adapting  bushing  is  used. 
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HOLniNG   ^VORK  <IN   FACB  PLATR. 

18.  Use  of  Face  Plate. — For  many  jobs,  it  is  possible 
to  use  a  face  plate  for  holding  the  work.  When  the  index- 
head  spindle  is  threaded,  the  face  plate  can  be  screwed  to 
it;  when  this  is  not  the  case,  it  may  be  fitted  to  a  shank  fit- 
ting the  hole  of  the  index-head  spindle.  If  this  is  done,  it 
is  not  advisable  to  use  a  thread  for  uniting  the  shank  and 
face  plate  on  account  of  the  danger  of  unscrewing  the  face 
plate,  unless  a  round  key  is  sunk  half  into  the  shank  and  half 
into  the  face  plate.  When  a  face  plate  is  screwed  to  the 
index-head  spindle,  the  same  precaution  must  be  taken  as 
in  case  of  a  chuck  fastened  by  screwing;  that  is,  whenever 
circumstances  permit,  the  cut  should  be  taken  in  such  a 
manner  that  there  will  be  no  tendency  to  unscrew  the  face 
plate. 

1 9.  Work  is  fastened  to  a  face  plate  and  is  trued  up  in 
the  same  manner  as  in  lathe  work;  it  must  always  be 
remembered,  however,  that  the  pressure  of  the  cut  is  much 
greater  than  in  lathe  work,  and  hence  the  clamping  must 
be  done  very  carefully.  If  circumstances  permit,  stop-pins 
may  be  inserted  in  the  face  plate  to  prevent  slipping  of  the 
work,  or  stops  may  be  bolted  to  it. 

20.  Lining  the  Face  Plate. — Most  of  the  face-plate 
work  done  in  a  milling  machine  requires  the  plane  of  the 
face  plate  to  be  at  right  angles  to  the  axis  of  rotation  of 
the  milling-machine  spindle.  The  setting  may  then  be 
tested  in  the  following  manner:  Place  the  index-head  spindle 
about  in  line  with  the  milling-machine  spindle,  as  is  shown 
in  Fig.  IL  No  particular  degree  of  accuracy  is  required 
for  this;  it  will  be  good  enough  for  the  purpose  if  this  is 
done  as  nearly  as  can  be  judged  by  the  eye.  Fasten  a  bent 
piece  of  wire,  as  a,  to  the  milling-machine  spindle  in  any 
convenient  manner;  by  moving  the  table,  bring  the  pointed 
end  in  contact  with  the  face  plate,  or,  if  desired,  with  a 
feeling  piece  /;  placed  against  the  face  plate.  Revolve  the 
milling-machine  spindle  one-half  of  a  revolution,  thus  bring- 
ing the  point  of  the  wire  into  the  position  shown  in  dotted 
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lines,  and  test  the  distance  between  the  end  of  the  wire  and 
the  face  plate.  If  it  is  greater  than  in  the  first  position,  the 
index-head  spindle  requires  shifting  in  the  direction  of  the 
arrow  x;  if  it  is  less,  the  shifting  must  be  done  in  the  direc- 
tion of  the  arrow  _y.     Test  next  in  two  positions  at  right 


e 


Bl 


angles  to  those  shown  in  the  illustration,  and  shift  the  index- 
head  spindle  until  the  end  of  the  wire  remains  at  a  constant 
distance  from  the  face  plate  during  a  complete  revolution 
of  the  milling-machine  spindle.  The  wire  used  for  testing 
should  be  quite  stiff,  say  about  i  inch  in  diameter. 

21.     Example  of  Face-Plate  VFork. — Fig.  13  is  an 

example  of  circular  milling  that  may  be  done  with  the 
work  clamped  to  the  face  plate.  Here 
the  two  slots  a  and  ^  are  circular;  the 
slot  a  has  its  center  of  curvature  at  a' 
and  the  slot  6  at  d',  while  the  center 
of  the  work  is  at  c.  In  order  to  mill 
the  slots,  the  work  must  be  set  so  that 
for  the  slot  a,  the  point  a'  will  coincide 
with  the  axis  of  rotation  of  the  index- 
head  spindle;  for  the  slot  i>,  the  point  d' 
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must  coincide  with  the  axis  just  mentioned.  Fine  center- 
punch  marks  may  be  made  at  these  points;  the  work  can 
then  be  trued  up  either  with  the  face  plate  mounted  on  the 
milling-machine  spindle  or  temporarily  mounted  in  any 
suitable  lathe  that  is  available.  The  slots  should  be  milled 
with  an  end  mill;  the  feeding  is  then  done  by  rotating  the 
index-head  spindle,  and,  hence,  the  face  plate. 


HOLDING  MTORK  IN  JIGS. 

22.  Purpose  of  Jigs. — When  a  great  number  of  equal 
pieces  are  to  be  finished  by  milling,  and  especially  when 
their  form  is  such  that  they  cannot  be  readily  held  in  the 
vise  or  on  the  table  in  a  simple  and  efficient  manner,  they 
can  often  be  held  to  advantage  in  special  holding  devices 
called  millinsr  Jigs. 

A  properly  constructed  milling  jig  should  serve  simul- 
taneously for  two  different  purposes  in  order  to  warrant  the 
expense  of  constructing  it.  In  the  first  place,  it  must  hold 
the  work  securely  without  distorting  it,  leaving  the  surfaces 
to  be  machined  exposed  to  the  cutter;  in  the  second  place, 
the  act  of  clamping  must  automatically  aline  the  work 
properly  for  tlic  subsequent  cutting  operation. 

Milling  jigs  may  be  constructed  in  a  great  variety  of  ways 
to  suit  the  nature  of  the  work,  and  no  specific  rules  can  be 
given  as  to  how  they  can  best  be  constructed.  A  number 
of  actual  examples  are  here  given;  these  examples  will 
serve  as  suggestions  of  what  may  be  done. 

23.  SpHning  Jig. — Fig.  13  shows  a  jig  designed  for 
holding  shafts  for  key-seating  or  splining,  plain  cutters 
being  used  for'the  purpose;  it  is  intended  for  milling  two 
shafts  simultaneously,  as  a  general  rule,  but,  as  will  become 
apparent  when  its  construction  is  studied,  it  can  be  used  for 
machining  one  shaft  at  a  time.  Referring  to  the  illustra- 
tion, a  false  table  a  is  bolted  to  the  milling-machine  table. 
This  false  table  has  two  parallel  V  grooves  milled  in  it 
throughout  its  length;  these  grooves  are  parallel  to  the  line 
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^^  motion  of  the  milling-machine  table.  The  shafts  ^,  ^, 
^hich  are  to  be  splined  or  key-seated,  are  laid  into  these 
STooves  and  are  clamped  by  means  of  the  clamps  c,  c,  and  {/. 
"^^  is  thus  seen  that  each  shaft  is  held  by  two  clamps  at  each 
^^^rtiping  point.  Owing  to  the  way  in  which  the  clamps 
'^^Ust  be  applied  in  order  to  be  clear  of  the  milling  cutters 
^»   ^,    one  clamp  would  fail  to  insure  a  rigid  holding  of  the 


r 
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1         1 

Pig.  18. 


Work,  since  it  would  not  press  the  work  with  an  equal  pres- 
sure against  both  sides  of  the  V  groove.  This  inequality  of 
pressure  is  corrected  by  applying  a  second  clamp  opposite 
the  first.  The  jig  is  adapted  for  different  sizes  of  shafts  by 
making  the  blocking  for  the  clamps  c,  c  adjustable  for 
height.  The  blocking  consists  of  studs  y,  f  with  nuts 
screwed  on  them;  the  clamps  r,  c  have  clearance  holes  in 
them  for  the  studs  to  pass  through,  and  rest  on  the  nuts, 
which  are  screwed  up  or  down  to  suit  different  diameters  of 
work. 


24.  The  design  shown  is  so  constructed  that  shafts  may 
be  automatically  lined  up  so  as  to  have  two  keyways,  or 
splines,  cut  diametrically  opposite  each  other ;  the  design  can 
readily  be  modified  to  cut  the  keyways  at  any  predetermined 
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must  coincide  with  the  axis  just  mentioned, 
punch  marks  may  be  made  at  these  points;  1 
then  be  trued'up  either  with  the  face  plate  mou 
milling- machine  spindle  or  temporarily  mom 
suitable  lathe  that  is  available.  The  slots  shoi 
with  an  end  mill;  the  feeding  is  then  done  by 
index-head  spindle,  and,  hence,  the  face  plate. 


HOLDING  W^OnK  IN  JIGS. 

22.  Purpose  of  JIbm. — When  a  great  nur 
pieces  are  to  be  finished  by  milling,  and  esp 
their  form  is  such  that  they  cannot  be  readilj 
vise  or  on  the  table  in  a  simple  and  efficient  n 
can  often  be  held  to  advantage  in  special  hoi 
called  mllllniE  JlKB. 

A  properly  constructed  milling  jig  should 
taneously  for  two  different  purposes  in  order  to 
expense  of  constructing  it.  In  the  first  place,  i 
the  work  securely  without  distorting  it,  leaving 
to  be  machined  exposed  to  the  cutter;  in  the  si 
the  act  of  clamping  must  automatically  aliu 
properly  for  the  subsequent  cutting  operation. 

Milling  jigs  may  be  constructed  in  a  great  vai 
to  suit  the  nature  of  the  work,  and  no  specific 
given  as  to  how  they  can  best  be  constructed. 
of  actual  examples  are  here  given;  these  ei 
serve  as  suggestions  of  what  may  be  done. 

23.  Spllning  JljE.— Fig.  13  shows  a  jig  i 
holding  shafts  for  key-seating  or  splining,  p 
being  used  for'thc  purpose;  it  is  intended  for 
shafts  simultaneously,  as  a  general  rule,  but,  as 
apparent  when  its  construction  is  studied,  it  car 
machining  one  shaft  at  a  time.  Referring  to 
tion,  a  false  t.able  a  is  bolted  to  the  milling-ma 
This  false  table  has  two  parallel  V  grooves 
throughout  its  length;  these  grooves  are  parall* 
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angle  with  each  other.  For  the  purpose  of  insuring 
a  correct  location  of  the  second  keyway,  a  rectangular 
groove,  as^  or  //,  is  cut  in  the  false  table;  a  block  i,  with  a 
tongue  that  fits  the  key  seat,  or  spline,  previously  cut,  is 
placed  into  the  groove  and  the  work  is  then  placed  on  top 
with  the  key  seat,  or  spline,  engaging  the  tongue  of  the 
block. 

25.  Special  Jig. — Fig.  14  (a)  shows  a  machine  part 
that  is  to  have  a  dovetailed  groove  a  cut  into  the  bottom  in 
line  with  the  axis  of  the  two  holes  bored  through  the  stand- 
ards ^,  ^.  Owing  to  the  shape  of  the  work,  it  is  rather  diffi- 
cult to  hold  it  properly  for  machining,  and  it  will  become  a 


Fir,.  14. 

rather  expensive  job  if  a  number  of  such  castings  are  to  be 
finished.  The  work  may,  however,  be  securely  held,  quickly 
set,  and  automatically  lined  up  by  the  use  of  the  jig  shown 
in  Fig.  14  (/;). 

This  jig  consists  of  a  body  c  that  is  bolted  to  the  milling- 
machine  table.  It  has  three  brackets  with  V  grooves  milled 
in  the  top  of  them  in  line  with  the  line  of  motion  of  the 
tal)le.  A  cylindrical  mandrel  is  passed  through  the  holes  in 
the  standards  of  the  work;  this  mandrel  is  then  laid  into  the 
V  grooves  and  clamped  by  means  of  the  bolts  and  clamps 
shown.  The  free  end  of  the  work  is  lined  up  for  height  by 
means  of  the  jack-screws  t/  and  r,  and  is  finally  confined  by 
the  clamp/*. 
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26.  Gib  Jig. — Fig.  15  shows  a  jig  designed  for  holding 
gibs  to  allow  the  angle  on  the  edges  to  be  finished  with  an 
end  mill.     The  jig  consists  of  a  body  a^  which  is  bolted  to 


the  table.  The  upper  edge  of  the  body  is  recessed  to  hold 
the  gib  b  at  the  proper  angle ;  two  clamps  r,  c  are  used  for 
holding  the  gib  to  the  jig. 

27.     Multiple   JIk^. — A   number  of  pieces  may  occa- 
sionally be  held  at  once  in  a  jig  in  order  to  have  some  simple 


Fig.  16. 


milling  operation  performed  on  them,  as,  for  instance,  the 
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squaring  up  ni  the  ends  of  rails,  as  shown  in  Pig.  16  {a),  or 
the  squaring  up  of  the  ends  of  round  work,  as  shown  in 
Fig.  16  {d).  In  the  first  case,  a  yoke  a  is  bolted  to  the  table 
of  the  milling  machine  by  means  of  the  studs  d,  b.  This 
yoke  carries  the  setscrews  c,  c.  The  rails  are  confined  side- 
wise  by  the  setscrews  d,  d,  which  push  each  set  of  rails 
against  the  central  packing-block  e. 

28.  In  Fig.  16  {b),  a  bracket  a  is  bolted  to  the  table  of  a 
milling  machine;  the  bottom  of  the  bracket  has  a  rectan- 
gular opening  in  which  the  rods  are  placed  and  then  confined 
by  tightening  the  setscrew  b.  The  act  of  tightening  the 
setscrew  causes  the  round  rods  to  spread  so  that  the  outer 
ones  come  in  contact  with  the  sides  of  the  opening;  since 
each  rod  is  in  contact  with  at  least  two  others,  they  will  all 
be  held  firmly. 


UBB  OF  THE  BTBADV  RBST. 

29.     Purpose  and  Application. — As  implied  by  the 
name,  the  steady  rest  used  in  milling-machine  work  is 

ustd  for  supporting  slender  work  against  the  pressure  of  the 
cutting  operation.     Steady  rests  may  be  made  in  quite  a 


« 


a 


s 


^rwwswsm^^^f^s^ 


^ 


number  of  ways  to  suit  special  jobs;  Fig.  17  shows  one  form 
and  incidentally  nives  its  application  to  work  held  between 
the  tenters.  The  steady  rest  has  a  base  a,  which  is  bolted 
to  the  milling-machine  table  in  a  position  about  midway 
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between  the  ends  of  the  work.  A  flat-ended  setscrew  b^ 
having  a  check-nut  ^,  is  screwed  into  the  top  of  the  base,  and 
is  adjusted  by  turning  until  it  is  just  in  contact  with  the 
bottom  of  the  work.  The  check-nut  is  then  set  up  in  order 
to  lock  the  setscrew. 

30.     Supporting  Work  Sideiivise. — A  flat-ended  set- 
screw  will  support  the  work  in  a  vertical  plane,  but  will  not 
support  it  sidewise.      For  some  classes  of  work, 
as,  for  instance,  when  fluting  small  taps  held  in  a 
chuck,  it  is  a  decided  advantage  to  support  the 
work  sidewise  as  well,  since,  in  that  case,  the  cut 
develops  a  sidewise  bending  action.     For  this  pur- 
pose, the  steady  rest  may  be  made  with  a  setscrew 
having  a  V  groove  cut  into  its  end,  as  shown  in 
Fig.  18.     Such  a  setscrew  should  not  be  screwed 
into  the  base,  but  should  closely  fit  a  cylindrical      ^'°-  ^®- 
hole  reamed  in  it;  a  nut  r,  applied  as  shown  in  Fig.  17,  is 
then  used  for  bringing  the  setscrew  in  contact  with  the  work. 


Fig.  19. 


Fig.  19  shows  an  application  of  a  steady  rest  with  a 
V-ended  setscrew  to  work  held  in  a  chuck;  in  this  particu- 
lar case,  the  work  is  a  tap  that  is  to  be  fluted.  Since  the 
work  itself  will  hold  the  setscrew  from  turning,  there  is  no 
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need  of  splining  it  and  fitting  a  feather  to  the  base,  as  is 
occasionally  done. 

31.  Limitations  of  Ordinary  Steady  Rest. — The 

ordinary  steady  rest  supplied  by  manufacturers,  of  which 
the  one  shown  in  Fig.  17  is  an  example,  will  answer  very 
well  for  comparatively  stiff  work,  but  since  it*  supports  the 
work  at  one  point  only,  as  can  be  seen  by  referring  to  Fig.  17, 
it  will,  if  the  work  is  slender,  still  allow  considerable  bend- 
ing of  the  unsupported  parts  during  the  cutting  operation. 

32.  The  ideal  steady  rest  will  always  support  the  work 
directly  beneath  the  cutter;  this  condition  can  be  attained 
in  two  ways  for  cylindrical  work;  that  is,  either  by  a  spe- 
cial steady  rest  made  to  suit  the  nature  of  the  work,  and  con- 
structed in  such  a  manner  as  to  support  the  work  through 
its  whole  length,  or  by  a  follow  rest  attached  to  the  frame 
of  the  machine  and  adjusted  so  as  to  be  directly  beneath  the 
cutter. 

A  follow  rest  is  open  to  practical  objections,  one  of  which 
is  that  it  is  applicable  to  none  but  cylindrical  work,  and  to 
that  only  when  the  direction  of  the  cut  is  parallel  to  the  axis 
of  the  work.  Another  objection  is  the  difficulty  of  attach- 
ing and  designing  it  in  such  a  manner  as  to  have  a  fairly 
satisfactory  range  of  application. 


Fio.  20. 


33.     Unlversai  Steady   I^est. — Fig.  20  shows  how  a 
rather  satisfactory  universal  steady  rest  applicable  to  straight 
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and  taper  work  may  be  constructed  for  a  horizontal  milling 
machine.  There  are  two  bases  a  and  b^  which  carry  jack- 
screws  and  adjusting  nuts.  The  ends  of  the  jack-screws 
form  eyes  that  are  hinged  to  a  supporting  bar  c,  which  may 
have  a  V  groove  milled  in  its  upper  side  or  be  flat  on  top. 
As  shown  in  the  figure,  it  can  readily  be  adjusted  to  suit 
taper  work.  Its  range  of  usefulness  can  be  extended  by 
having  several  bars  of  different  lengths. 


INDEXING. 


SIMPLE  INDEXING. 

34.  Definitions.  —  There  are  many  designs  of  index 
heads  in  the  market  and  in  use  that  differ  only  in  detail  and 
arrangement.  All  these  designs  make  use  of  at  least  one  of 
two  methods  of  dividing  the  periphery  of  circular  work  into 
equal  parts,  and  some  designs  make  use  of  both  methods. 
The  process  of  dividing  the  circle  by  means  of  the  index 
head  is  known  in  shop  parlance  as  Indexing.  The  two 
methods  of  mdexing  that  are  in  use  may  be  classified  as 
direct  ittdexing-dind.  indirect  indexing. 

Direct  Indexing:  is  done  by  the  aid  of  an  index  plate 
fastened  direct  to  the  index-head  spindle;  that  is,  the  index 
plate  is  moved  to  obtain  the  divisions.    . 

In  Indirect  Indexlnij:,  the  index  plate  is  normally  sta- 
tionary, and  the  index-head  spindle  is  rotated  by  the  use  of 
suitable  gearing.  Indirect  indexing  is  divided  into  two 
classes,  which  are  known,  respectively,  as  simple  and  com- 
pound indexing.  In  simple  indexing,  only  one  movement 
of  the  indexing  mechanism  is  required ;  in  compound  index- 
ing, two  movements  are  made. 

35«  Construction  of  Indexing:  Mechanism. — Fig. 
21  shows  the  indirect  indexing  arrangement  reduced  to  the 
elementary  form  in  which  it  appears  in  all  index  heads 
adapted  to  indirect  indexing.     The   arrangements  of  the 
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details  may  vary  in  different  designs,  but  the  principle  in- 
volved is  common  to  all.  The  index-head  spindle  a  has 
fastened  to  it  a  worm-wheel  d;  a  worm  c,  which  is  keyed  to 
the  worm-shaft  d,  meshes  with  the  worm-wheel.  The  worm- 
shaft  carries  ai  one  end  a  radially  adjustable  crank  e, 
which  is  fitted  with  a  latch  piny  having  a  cylindrical  pro- 
jection that  fits  the  holes  of  the  stationary  index  plate  g: 
The  index  plate  is  usually  kept  from  rotating  by  means  of 
an  axially  movable  pin,  called  the  stop-pin,  which  is  fitted 


to  the  frame.  This  stop-pin  can  be  withdrawn  in  order  to 
allow  the  index  plate  to  be  rotated,  should  this  become  nec- 
essary. In  most  designs  of  index  heads,  the  position  of  the 
sto[)-pin  in  respect  to  the  axis  of  the  worm-shaft  is  fixed;  in 
other  words,  it  can  be  made  to  engage  with  only  one  row  or 
circle  of  holes  in  the  index  plate.  There  are  some  designs, 
however,  where  the  stop-pin  is  fitted  to  the  frame  of  the 
index  head  in  such  a  manner  that  it  can  be  shifted  to  engage 
any  row  of  holes  in  the  Index  plate. 

36.  CalculatlriK  Turns  of  Index  Crank. — Refer- 
ring now  to  the  illustration,  it  will  be  apparent  that  the 
part  of  a  revolution  made  by  the  index-head  spindle  for  one 
complete  turn  of  the  worm-shaft  depends  on  the  number  of 
teeth  of  the  worm-wheel,  and  whether  the  worm  has  a 
single  thread  or  a  double  thread.     All  modern  index  heads 
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regularly  manufactured  use  a  single-threaded  worm,  and, 
for  these,  one  turn  of  the  worm  will  produce  that  part  of 
the  revolution  of  the  index-head  spindle  represented  by  the 

fraction  r 7 r— = r — ?•     Now,  suppose 

number  of  teeth  m  worm-wheel 

that  the  latch  pin /engages  the  index  circle  having  20  holes, 

and  that  it  is  moved  from  one  hole  to  the  next  adjoining  one. 

Then,  the  worm  is  rotated  ^  of  a  revolution;   assuming 

the  worm-wheel   to  have  40  teeth,  the  index-head  spindle 

is  revolved  ^  x  iV  =  tJit  P^^^  of  a  revolution,  and,  hence, 

by  making  successive  moves  of  1  hole  in  the  index  circle 

having  20  holes,  a  circle  is  divided  into  ^^  =  800  parts. 

37.  Now,  suppose  that,  instead  of  moving  the  latch  pin 
only  1  hole,  it  is  moved  5  holes.  Then,  the  worm-shaft 
makes  ^  of  a  revolution,  the  index-head  spindle  makes 
^  X  ^  =  ttJit  of  ^  turn,  and,  hence,  a  circle  is  divided  into 
^^  =  160  parts.  From  the  foregoing  explanation  of  the 
principle  involved,  the  following  rule  is  deduced : 

Rule. — To  obtain  the  number  of  turns  the  index  crank 
must  makey  divide  the  number  of  turns  required  for  one  revo- 
lution of  the  index-head  spindle  by  the  number  of  divisions 
into  which  the  periphery  of  the  work  is  to  be  divided, 

ExAMPLB. — In  a  certain  make  of  index  head,  the  crank  must  make 
40  revolutions  to  produce  1  revolution  of  the  index  spindle.  How 
n&ny  turns  must  the  crank  make  to  divide  the  periphery  of  the  given 
work  into  6  parts  ? 

Solution. — Applying  the  rule  just  given,  we  get 

40  +  6  =  6}  turns.     Ans. 

38.  Selecting  the  Index  Circle.  —  Taking  the  ex- 
ample of  Art.  37,  it  has  been  calculated  that  6  whole  turns 
and  f  of  a  turn  are  required.  The  question  now  arises: 
How  can  we  measure  J  of  a  turn  ?  For  convenience  of 
measuring  fractional  parts  of  a  turn  of  different  values,  as 
I  of  a  turn,  ^  of  a  turn,  jV-^^  ^  turn,  f  of  a  turn,  etc.,  the 
index  plate  is  provided  with  several  concentric  index  circles, 
each  circle  having  a  different  number  of  holes;  several  more 
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index  plates  are  provided  in  order  to  extend  the  range  of 
divisions  obtainable. 

39.  With  the  latch  pin  adjusted  to  the  circle  having 
20  holes,  as  in  Fig.  21,  to  measure  f  of  a  turn,  the  pin  would 
evidently  have  to  be  moved  20  X  f  =  13J  holes.  But  it  is  much 
more  convenient  and  also  safer  to  move  the  latch  pin  an  in- 
tegral number  of  holes;  this  is  done  by  selecting  a  suitable 
index  circle.  The  index  circle  that  is  to  be  used  is  the  one 
having  a  number  of  holes  divisible,  without  a  riemainder,  by 
the  denominator  of  the  fraction  expressing  the  fractional 
part  of  a  turn  of  the  index  crank.  Referring  again  to  Fig.  21, 
it  is  seen  that  the  index  circles  have  20,  19,  18,  17,  16,  and 
15  holes.  It  will  be  noticed  that  there  are  two  index  circles 
divisible  by  the  denominator  3  of  the  fractional  part  of  turn, 
which  are  the  18-hole  and  15-hole  circles.  This  shows  that 
either  one  of  these  two  circles  may  be  used. 

Suppose  we  use  the  index  circle  having  15  holes.  Then, 
to  make  f  of  a  turn,  the  latqh  pin  must  be  moved  15  X  f  =  10 
holes.  If  the  circle  having  18  holes  is  used,  the  latch  pin 
must  be  moved  18  X  f  =  J2  holes.  From  the  foregoing  state- 
ments, the  following  rule  is  obtained: 

Rule. —  To  measure  fractional  parts  of  a  turn  of  the  index 
crank,  select  an  index  circle  having  a  number  of  holes  that  is 
divisible  by  the  denominator  of  the  fraction  when  reduced  to 
its  lowest  terms.  Multiply  the  number  of  holes  in  the  ifidcx 
circle  thus  selected  by  the  fraction  to  obtain  the  number  of 
holes  that  the  latch  pin  must  be  moved  for  the  fractional  part 
of  a  turn. 

Example. — In  a  given  index  head,  40  turns  of  the  index  crank  will 
produce  one  turn  of  the  index-head  spindle.  How  many  turns  must 
the  index  crank  make,  and  what  index  circle  would  be  used  to  divide 
the  periphery  of  work  into  28  divisions?  The  index  plate  available 
has  the  following  number  of  holes  in  the  various  circles,  37,  39,  41,  48, 
and  49, 

Solution. — By  the  rule  given  in  Art.  37,  to  obtain  28  divisions,  the 
index  crank  must  make  \\  =  li|  turns.  Reducing  the  fraction  giving 
the  fractional  part  of  a  turn  to  its  lowest  terms,  we  get  f.  Now, 
according  to  the  rule  given  in  Art.  39,  we  select  the  index  circle 
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having  49  holes,  it  being  the  only  one  having  a  number  of  holes  divisible 
by  7.  The  number  of  holes  that  the  latch  pin  must  be  moved  is 
M  X  I  =  ai. 

Then,  to  obtain  28  divisions,  make  one  complete  turn  and  move  the 
latch  pin  21  holes  additional  in  the  circle  having  49  holes.    Ans. 

40.  Use  of  Sector. — The  sector  is  a  device  used  in 
connection  with  an  index  plate  primarily  for  the  purpose  of 
saving  the  labor  of  counting  the  number  of  holes  for  each 
move  of  the  latch  pin,  and  incidentally  for  obviating  mis- 
takes in  counting.     Fig.  32  shows  a  sector  in  place  on  an 


index  plate.  The  sector  consists  of  two  radial  arms  a  and  i, 
which  are  so  put  together  that  the  angle  included  between 
them  can  be  changed;  the  two  arms  can  be  locked  by  tight- 
ening the  screw  r. 

After  the  index  crank  has  been  adjusted  so  that  the  latch 
pin  will  drop  fairly  into  the  holes  of  the  index  circle  that 
lias  been  selected,  say  the  circle  having  18  holes  in  Fig.  22, 
drop  the  latch  pin  into  one  of  the  holes  of  that  circle,  as  </, 
for  instance.  Bring  the  arm  a  against  the  left  side  of  the 
latch  pin  and  then  move  the  arm  6  in  the  same  direction  in 
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which  the  latch  prn  is  to  turn,  as  in  the  direction  of  the 
arrow  ;r,  until  the  required  number  of  holes  in  the  circle 
used  is  between  the  latch  pin  and  the  arm  b.  Then  lock 
the  arms  together.  Thus,  if  it  is  required  to  move  5  holes 
in  the  index  circle  having  18  holes,  place  the  arm  b  in  the 
position  it  occupies  in  the  illustration.  In  setting  the  arms 
of  the  sector,  always  observe  the  precaution  of  omitting  to 
count  the  hole  in  which  the  latch  pin  is  inserted;  that  is, 
count  the  hole  next  to  this  as  the  first  hole.  After  the  cut 
has  been  taken,  withdraw  the  latch  pin  and  make  the  re- 
quired number  of  whole  turns  of  the  index  crank,  using  the 
hole  from  which  the  latch  pin  was  withdrawn  as  the  start- 
ing point.  Then  move  the  index  crank  until  the  latch  pin 
will  drop  into  the  hole  indicated  by  the  arm  b  of  the  sector, 
drop  it  in  and  immediately  revolve  the  sector  until  the  arm  a 
is  against  the  latch  pin,  or  in  the  position  shown  in  dotted 
lines. 

41.  Index  Tables. — The  manufacturers  of  milling 
machines,  as  a  general  rule,  will  furnish  tables  with  their 
index  heads  that  give  all  the  divisions  that  can  be  obtained 
by  simple  indirect  indexing.  In  these  tables,  under  the 
heading  **  Number  of  Turns  of  Crank,"  the  number  of 
turns  and,  if  necessary,  fractional  parts  of  a  turn,  are  given. 
The  fractional  part  of  a  turn  is  usually  given  as  a  fraction, 
the  denominator  of  which  gives  the  number  of  holes  in  the 
index  circle  that  is  to  be  used ;  the  numerator  denotes  the 
number  of  holes  of  that  circle  that  the  latch  pin  is  to  be 
moved  in  addition  to  the  whole  turns.  When  no  fractional 
part  of  a  revolution  is  required,  any  index  circle  may  be 
used.  If  no  table  is  available,  the  crank  movements  must 
be  calculated  in  the  manner  explained. 

42.  Effect    of    Chan{|:ins:    Elevation    of    Head.— 

When  the  index  head  is  elevated  or  de[)ressed  while  work  is 
attached  to  the  spindle,  it  will  be  found  that  the  spindle  is 
rotated  slightly  by  the  act  of  changing  the  angle,  since  a 
change  in  the  angle  rotates  the  worm-wheel  about  the  worm, 
which  is  the  same  as  rotating  the  worm   in   the  opposite 
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tlircction.  For  this  reason,  the  work  must  be  reset  after 
each  change  of  the  angle  of  the  index  head.  This  is  done 
l)y  rotating  it  in  the  required  direction  by  means  of  the 
index  crank. 


R' 
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43.     Optsratlon. — Uy  the  method  o(  simple  indexing, 
le  range  of  divisions  obtainable  is  limited  to  certain  num- 
bers depending  directly  on  the  number  of  index  circles,  and 
the  number  of  holes  in  them,  that  are  available.     The  range 
of  divisions  can,  however,  be  greatly  extended  by  a  method 
known  us  compound  ladexInE-     The  fundamental  prin- 
ciple underlying  compound  indexing  may  be  explained  as 
follows:  In  Fig.  21,  let  the  latch  pin  /  be  adjusted  to  the 
i-hole  index  circle,  and  let  the  stop-pin  be  adjusted  to  the 
■bole   index   circle.     Now,  withdraw  the   latch   pin   and 
vc  the  crank  one  hole,  dropping  the  latch  pin  into  the 
Withdraw  the  stop-pin  from  the  index  plate  and  then 
.ate  the  index  plate  one  hole,  or  ^^  of  a  turn,  in  the  same 
irection  in  which  the  index  crank  was  turned."     Evidently, 
the  worm  (  has  been  rotated  j>ir  +  A  =  AV  °^  "  turn,  which 
is  a  part  of  a  turn   that  ordinarily  could  not  be  measured 
without  an  index  plale  having  a  circle  with  380  holes.     Now, 
instead  of  moving  the   index  plale  in  the  same  direction  as 
ihc  index  crank,  move  it  in  the  opposite  direction.     Then, 
Ihc  worm,   as  the  result  of  the  two  movements,  will  have 
been  rotated  -^f—Jg=  jjj  of  a  turn;  a  result  that,  as  be- 
fore, could  not  ordinarily  be  measured  with  the  index  plate 
shown.      It  is  thus  seen  that  compound  indexing  consists  of 
two  successive  simple  indexing  operations;  the  result  of  the 
two  operations  is  either  the  sum  or  the  difference  of  the  two 
simple  indexings. 

-i-i.  Calculating  tbe  Moves. — The  moves  required 
for  compound  indexing  may  be  calculated  by  the  following 
rule,  which  has  been  deduced  algebraically: 

Rule. — Factor  tin-  number  of  divisions  il  :s  dtsired  to 
obtain.      Choose  an   index  plale  and  two  circles  of  holes 
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thereon  for  trial ;  take  the  difference  of  the  number  of  holes 
in  the  two  circles  and  factor  this  difference.  Draw  a  hori- 
zontal lifie  under  the  factors.  Next^  factor  the  number  of 
turns  of  the  index  crank  required  for  one  turn  of  the  index- 
head  spindle  and  write  the  factors  below  the  horizontal  line. 
Factor  the  number  of  holes  in  the  two  chosen  circles^  and 
write  their  factors  also  below  the  line,  Next^  cancel  equal 
factors  above  and  below  the  line.  If  all  factors  abai^e 
the  line  cancel^  it  is  possible  to  obtain  the  proposed  number 
of  divisions  by  means  of  the  two  choseji  circles.  The  number 
of  holes  to  be  gone  forwards  in  one  circle  and  backwards 
in  the  other  circle  are  obtaified  by  multiplying  together  the 
remaining  factors  below  the  line.  Special  attention  is  called 
to  the  fact  that  in  case  all  the  factors  above  the  line  do 
not  cancel  out^  two  other  circles  must  be  tried  until  the 
desired  result  is  obtained  or  the  possible  combinations  have 
been  exhausted.  In  case  the  divisiofi  is  feasible^  write  a  plus 
sigji  before  one  move  and  a  minus  sign  before  the  other  move 
to  signify  that  they  are  opposite  in  direction. 

Example. — It  is  desired  to  obtain  91  divisions  with  an  index  head  in 
which  40  turns  of  the  crank  shall  produce  1  revolution  of  the  index- 
head  spindle.  What  are  the  moves  that  are  required  in  case  it  is  found 
that  91  divisions  can  be  obtained  by  compound  indexing  ? 

Solution. — Choose  two  circles  for  trial,  say  those  having  21  and 
31  holes.     By  the  rule  just  given,  we  have 

91  =  7  X  13 
81  -  21  =  10  =  ;^  X  ^ 

40  =  ;2  X  2  X  2  x7 
31  =  31  X  1 
21  =  3  X  T 

It  will  be  noticed  that  the  factor  13  above  the  line  does  not  cancel 
out:  this  shows  that  the  proposed  division  cannot  be  obtained  with 
circles  having  31  and  21  holes.  By  trying  different  combinations,  it 
will  be  found  that  circles  having  39  and  49  holes  will  answer;  thus: 

'.>!  =  T  X  ;3 
49  -  39  z=  1()  =  2  X  ? 


40  =  2  X  2  X  2  X  ^ 
49  =  J  X  7 
39  =  3  X  ;3 
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It  is  seen  that  all  the  factors  above  the  line  cancel  out.  Multiplying 
the  remaining  factors  below  the  line  together,  we  get  2x2x7x3  =  84; 
that  is.  in  order  to  obtain  91  divisions,  we  must  go  forwards  84  hples  in 
the  49-hole  circle,  and  backwards  84  holes  in  the  39-hole  circle ;  or,  go 
forwards  84  holes  in  the  39-hole  circle  and  go  backwards  84  holes  in  the 
49-hole  circle.     Writing  the  moves  as  directed  in  the  rule,  they  are 

+  W  -  W.  or  +  W  -  W-     Ans. 

45.  In  case  the  number  of  holes  in  one  or  both  of  the 
chosen  index  circles  are  prime  numbers,  it  is  to  be  observed 
that  the  factors  will  be  the  number  itself  and  1.  Thus,  the 
factors  of  17  are  17  X  1;  the  factors  of  13  are  13  X  1,  and 
so  on. 

46.  Simplifying  the  Moves.  —  The  counting  of  a 
large  number  of  holes,  especially  for  the  motion  of  the  index 
plate  where  no  sector  can  readily  be  used,  is  a  tedious  job, 
and  errors  are  very  liable  to  occur  in  counting.  In  many 
cases,  the  results  obtained  by  the  rule  in  Art.  44  can  be 
greatly  simplified  by  a  calculation  that  only  involves  a 
knowledge  of  algebraic  addition. 

The  rules  of  algebraic  addition  are  very  simple  and  easily 
remembered.  When  the  signs  are  alike,  add  as  in  ordinary 
addition  and  prefix  the  common  sign.  For  instance,  the 
sum  of  -|-21  and  +11  is  +32,  and  the  sum  of  —12  and  —7 
is  -19. 

When  the  signs  are  unlike,  in  order  to  add,  subtract  the 
smaller  value  from  the  larger  value,  and  prefix  the  sign  of 
the  larger  value.  Thus,  the  sum  of  +18  and  —24  is  —6; 
of  +18  and  —12  is  +6;  of  —7  and  +3  is  —4,  etc. 

The  algebraic  addition  of  common  fractions  is  performed, 
after  reduction  to  a  common  denominator,  by  operating  upon 
their  numerators  only;  thus,  to  add  +f  and  — ^,  they  must 
first  be  reduced  to  a  common  denominator.  This  is  3  X  5 
=  15.  Then  i  =  H»  and  i  =  ^.  Adding  +||  and  -^j, 
we  get  +tV  as  the  sum. 

47.  Taking  the  example  given  in  Art.  44,  the  forward 
move  is  +f  J,  that  is,  84  holes  in  the  circle  having  41)  holes, 
and  the  backward  move  is  —  f^.     Now,   it  can   be  shown 
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mathematically  and  by  trial  that  the  result  will  not  be  altered 
if  we  add  algebraically  any  convenient  number  of  whole 
turns  or  a  part  of  a  turn,  or  a  whole  turn  and  a  part  of  a  turn, 
with  a  minus  sign  prefixed,  to  the  forward  move,  and  add 
algebraically  the  same  amount  with  a  plus  sign  prefixed  to 
the  backward  move.  Thus,  say,  that  we  add  one  turn  to 
each  move.  Then,  one  complete  turn  =  JJ  and  f^.  Per- 
forming the  operation  we  get 

+  H-U 

-n+u 

+  H-H, 

or  35  holes  forwards  in  the  index  circle  having  49  holes  and 
45  holes  backwards  in  the  circle  having  39  holes.  It  may 
be  possible  to  reduce  these  moves  to  a  still  simpler  form. 
To  discover  if  this  is  possible,  add  algebraically  one  or  more 
turns  or  parts  of  a  turn,  or  whole  turns  and  part  of  a  turn, 
to  each  move,  prefixing  the  plus  and  minus  sign  as  previously 
directed. 

Suppose  one  turn  is  added.     We  then  get 

49139 

4  0  n"  3  0' 

That  is,  the  one  move  is  14  holes  in  the  index  circle  hav- 
ing 49  holes,  and  the  other  move  is  G  holes  in  the  39-hole 
circle.  It  will  be  observed  that  the  addition  of  one  turn  gave 
like  signs  to  the  two  moves ;  this  means  that  both  moves  must 
be  made  in  the  sa7ne  cHrectiofi, 

48.  In  order  to  obtain  154  divisions  by  compound  in- 
dexing, the  33-hole  and  21-hole  index  circles  can  be  used, 
and  the  moves  are  found  thus: 

15)4  =  2  X  7  X  ;; 

33  -  21  =  12  =  2  X  2  X  7-5 


40  =  2  X  2  X  2  X  5 

33  =  f^  X  ;i 

21  =  3  X  t 
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Multiplying  the  remaining  factors  together,  we  get  3x5 
=  15,  or  moves  of  -f  ||  -  ||,  or  +  ||  -  |i. 

Simplifying  by  adding,  say,  1  turn  to  the  moves  first 
named,  we  get 

+  H-U 
-ll  +  H 

In  this  particular  case,  an  excellent  example  presents 
itself  of  still  further  simplifying  the  moves  by  the  algebraic 
addition  of  a  fractional  part  of  a  turn.  Let  f  of  a  turn 
be  added.  Now,  f  of  a  turn,  with  an  index  circle  having 
21  holes,  means  ^f  of  a  turn  of  the  index  crank.  Likewise, 
f  of  a  turn  with  an  index  circle  having  33  holes,  means  ff  of 
a  turn  of  the  index  crank.  Then,  adding  these  values  with 
the  proper  signs  prefixed,  we  get 

-it  +  M 
""  A  +  iV- 

As  it  does  not  make  the  least  difference  in  the  result  as  to 
the  direction  in  which  the  moves  are  made,  as  long  as  they 
are  made  in  opposite  directions  (the  fact  of  the  signs  being 
unlike  indicates  that  they  must  be  opposite  in  direction),  the 
moves  may  be  +^  and  —  ^^  without  affecting  the  result. 

The  moves  may,  in  this  particular  case,  be  still  further 
simplified  by  the  algebraic  addition  of  J  of  a  turn.  J  of  a 
turn  =  T^,  and  -J^.     Then, 

+  ^  +  ^' 

Since  the  moves  have  like  signs,  both  moves  are  to  be 
made  in  the  same  direction. 

49.  There  is  no  general  rule  that  can  be  given  for 
determining  how  much  to  add  algebraically  to  each  move  in 
order  to  reduce  it  to  a  simpler  form.  This  is  purely  a 
matter  of  judgment  and  experiment.     It  is  to  be  observed, 
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however,  that  when  a  partial  turn  is  added,  the  denominator 
of  the  fraction  expressing  the  partial  turn  must  be  a  com- 
mon factor  of  the  denominators  of  the  two  fractions 
expressing  the  two  moves.  Thus,  ^  of  a  turn  should  not  be 
added  to  -\-^  and  —  i^,  since  7  is  not  a  factor  common  to 
both  21  and  33. 

50.  In  relation  to  compound  indexing,  it  may  be  re- 
marked that  it  should  not  be  used  when  the  required 
divisions  can  be  obtained  by  direct  indexing.  The  reason 
for  this  may  be  found  in  the  fact  that  the  chances  of  making 
an  error  are  much  greater  with  the  compound  indexing, 
since,  for  at  least  one  of  the  movements,  the  holes  must 
actually  be  counted. 
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GBNBRATION  OF  SPIRALS. 

51.  Combination  of  Movements.  —  If  work  held 
between  centers,  or  in  the  chuck  of  a  universal  index  head, 
is  given  a  rotary  motion  and  a  motion  of  translation  at  the 
same  time,  while  the  relation  between  the  two  motions 
remains  constant,  a  stationary  point,  in  contact  with  the 
surface  of  the  work,  will  trace  a  conical  spiral  or  a  helix, 
depending  on  whether  the  work  is  conical  or  cylindrical.  In 
a  milling  machine,  the  motion  of  translation  is  the  motion 
of  the  niiUing-machinc  table,  which  is  caused  by  rotating 
the  feed-screw  either  by  the  automatic  feed  or  by  hand. 
Now,  if  the  feed-screw  is  connected  by  gear-wheels  with  the 
index-head  spindle,  it  is  evident  that  this  spindle,  and, 
hence,  the  attached  work,  will  be  rotated  by  any  rotation 
of  the  feed-screw ;  since  a  rotation  of  the  feed-screw  causes 
a  motion  of  translation  of  the  milling-machine  table,  while 
the  gearing  insures  a  constant  relation  between  the  two 
motions,  it  follr)ws  that  a  milling  cutter  operating  on  the 
work  will  take  a  cut  that  follows  a  helical  or  conical  spiral 
path. 
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52.  I>eflnltlons. — In  a  spiral  or  helix,  the  distance 
advanced  in  one  revolution,  measured  in  the  direction  of 
the  axis,  is  called  the  pltcti  of  the  spiral  or  helix,  or,  also, 
the  lead*  In  milling-machine  work,  the  lead  is  always  ex- 
pressed in  inches,  or  in  inches  and  fractional  parts  of  an 
inch.  In  the  best  modern  practice,  the  term  lead  is  used  in 
preference  to  pitchy  and  will,  hence,  be  used  here.  It  has 
become  customary  to  limit  the  term  pitch  to  small  screws; 
while,  in  its  strict  sense,  it  means  the  distance  that  the 
screw  will  advance  in  one  revolution,  it  has  become  the 
practice  in  some  shops  to  apply  it  to  the  number  of  threads 
per  inch  of  the  screw.  In  order  to  prevent  any  confusion, 
the  term  lead  will  here  be  used  exclusively,  and  will,  when 
applied  to  a  helix,  spiral,  or  screw  thread,  always  represent 
the  distance  advanced  in  one  revolution. 

53.  Angle  of  Helix. — A  helix  is  represented  by  the 
hypotenuse  of  a  right-angled  triangle  having  adjacent  sides 
equal  to  the  lead  of  the  helix  and  to  the  circumference  of  a 
cylinder  around  which  it  is  wound  in  such  a  position  that 
the  adjacent  side  representing  the  lead  is  in  the  same  plane 


(hi 


Fig.  a. 


as  the  axis.  Thus,  let  Fig.  23  {a)  represent  a  right-angled 
triangle  cut  out  of  paper,  where  the  adjacent  side  a  (one  of 
the  sides  adjoining  the  rij^ht  angle)  is  equal  to  the  circum- 
ference of  the  cylinder  d  in  Fig.  5i3  (b),  and  the  adjacent 
side  b   is   the   lead.     Then,    when    this    triangle    is  wound 
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around  d^  as  shown  in  Fig.  23  (^),  the  side  c  will  form  a 
helix  having  a  diameter  equal  to  rf,  and  a  lead  b.  The 
angle  included  between  the  sides  b  and  c  is  called  the 
anffle  of  the  liellx. 

54.  From  trigonometry,  it  follows  that  the  tangent  of 
the  angle  of  the  helix  is  equal  to  the  circumference  of  the 
cylinder  (the  length  of  the  side  a  of  the  triangle)  divided  by 
the  lead.     Hence  the  following  rule: 

Rule. — Divide  S. 1^16  times  the  diameter  of  the  helix  by 
the  lead.  Take  the  corresponding  angle  from  a  table  of 
natural  tangents. 

Example. — A  helix  \\  inches  diameter  has  a  lead  of  16  inches;  what 
is  the  angle  of  the  helix  ? 

Solution. — Applying  the  rule  just  given,  we  get 

liiliilLe  =  .88358. 
lo 

From  a  table  of  natural  tangents,  the  corresponding  angle  is  found 
to  be  41**  28',  nearly.     Ans. 

55.  It  often  occurs  that  it  is  required  to  find  what  lead 
of  helix  will  give  a  certain  angle  of  helix,  the  diameter  of 
the  helix  being  known.  This  may  be  calculated  by  the 
following  rule: 

Rule. — Divide  S.lJflS  times  the  diameter  of  the  helix  by 
the  tangent  of  the  given  angle. 

Example. — A  helix  is  to  have  an  angle  of  helix  of  30"  45'  for  a  diam- 
eter of  8^  inches.     What  is  the  lead  of  the  helix  ? 

Solution. — From  a  table  of  natural  tangents,  the  tangent  corre- 
sponding to  80'  45'  is  .59494.     Applying  the  rule  just  given,  we  get 

8.1416  X  H 


.59494 


==  17.1(52  in.     Ans. 


56.  The  two  rules  just  given  apply  to  helixes  only,  and 
should  not  be  applied  to  conical  spirals.  In  a  conical  spiral, 
the  angle  of  the  spiral  changes  continually  throughout  its 
length;  it  is  smallest  at  the  small  end  of  the  spiral  and 
largest  at  the  large  end. 
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The  rate  at  which  the  angle  changes  in  a  conical  spiral 
depends  on  the  angle  included  between  the  sides  of  the 
cone;  when  this  angle  is  very  small,  i.  e.,  when  the  cone  is 
almost  a  cylinder,  the  change  in  the  angle  of  the  spiral  is 
extremely  small,  but  it  rapidly  becomes  larger  as  the  angle 
included  between  the  sides  of  the  cone  becomes  greater. 

57.  Connecting  Index-Head  Spindle  and  Feed- 
ScreiPir.  —  There  are  many  ways  in  which  the  feed-screw 
and  index-head  spindle  may  be  connected  together  by  gear- 
ing; since,  in  nearly  all  designs  of  universal  index  heads, 
the  worm-shaft  and  the  feed-screw  are  at  right  angles  to 
each  other,  it  is  necessary  in  these  designs  to  introduce  a 
pair  of  miter  gears,  or  bevel  gears,  or  a  pair  of  equivalent 
machine  elements  into  the  gear  train  in  order  to  allow 
the  worm-shaft  and  feed-screw  to  be  connected  together  by 
spur  gearing. 

58.  Fig.  24  shows  one  of  the  simplest  designs  for  con- 
necting the  feed-screw  and  index-head  spindle  together. 
The  worm-shaft  a  carries  a  miter  gear  b,  which,  normally, 
is  free  on  the  worm-shaft.  The  index  plate  c  is  fastened  to 
the  hub  of  the  miter  gear  b,  and  is  ordinarily  prevented 
from  rotating  by  a  stop-pin  in  the  frame  of  the  index  head. 
The  index  crank  d  is  attached  to  the  worm-shaft.  Now,  if 
the  stop-pin  is  withdrawn,  and  the  latch  pin  is  dropped 
into  a  hole  of  the  index  plate,  the  worm-shaft  and  the 
miter  gear  b  are  locked  together,  so  that  any  motion 
transmitted  to  the  miter  gear  will  also  be  transmitted  to 
the  worm-shaft  and  then,  through  the  intervention  of  the 
worm-wheel  ^,  to  the  index-head  spindle  f.  The  miter 
wheel  b  meshes  with  a  miter  gear  g,  which  is  keyed  to  the 
shaft  h ;  the  first  change  gear  k  of  the  train  of  spur  gearing 
connecting  the  spindle  and  feed-screw  is  attached  to  the 
other  end  of  the  shaft  //.  The  first  gear  is  usually  called 
the  mrorm-srear,  from  the  fact  that  it  operates  the  worm. 

59.  A  spur  gear  /  known  as  the  feed-scre^w  sear 
is  placed  on  the  feed-screw;   the  gears  k  and  /  are  then 
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connected  together  by  the  two  gears  m  and  h  placed  on  the 
same  sleeve,  which  is  mounted  on  an  adjustable  stud  fastened 
in  any  suitable  manner  to  the  frame  of  the  index  head  or 
the  table  of  the  machine.    As  a  general  rule,  another  stud  is 


[irovidud  on  wliicli  an  idler  can  be  placed.  This  idler  may 
be  placed  cither  between  k  and  ;«,  or  /  and  «;  it  will  nut 
change  the  velocity  ratio  of  ihe  gear  train,  but  only  the 
direction  of  the  rot:ition  of  the  i:i(lex-head  spindle,  and, 
hence,  the  direction  of  advance  of  the  spiral.  In  most  mill- 
ing machines,  the  introduction  of  the  idler  will  cause  the 
production  of  a  left-handed  spir.il ;  owing  to  the  difference 
in  construction  of  the  various  machines,  it  is  better,  how- 
ever, to  determine  this  separately  for  each  machine  than  to 
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rely  on  the  presence  of  an  idler  as  a  guarantee  of  a  left- 
handed  spiral. 

60«  Since  the  index-head  spindle  and  the  feed-screw 
are  positively  connected  together,  the  relation  between  the 
rotation  of  the  spindle  and  the  advance  of  the  table  remains 
constant,  and  the  resulting  helix  or  spiral  will  have  a  uni- 
form lead.  Evidently,  the  lead  can  only  be  changed  by 
changing  the  velocity  ratio  of  the  gears  connecting  the 
feed-screw  and  spindle;  since  all  modern  designs  of  milling 
machines  have  the  gearing  that  connects  the  worm-shaft  to 
the  worm-gear  k  arranged  in  such  a  manner  that  it  cannot 
be  changed,  it  follows  that  different  helixes  or  spirals  can 
only  be  obtained  by  changing  the  gears  k^  /,  ;;/,  and  ;/.  It 
is  customary  to  call  the  gear  ;;/  the  first  fi^ear  on  stud, 
and  the  gear  ;/  the  second  ^ear  on  stud. 

It  will  be  observed  that  the  change  gears  form  a  train  of 
compound  searing.  The  reason  for  the  almost  universal 
adoption  of  compound  gearing  is  to  be  found  in  the  fact 
that,  with  a  given  number  of  change  gears,  a  much  larger 
range  of  combinations  is  possible  than  can  be  obtained  with 
a  single  gear  train. 

61.  As  previously  stated,  the  index  plate  is  locked  to 
the  worm-shaft  and  rotates  with  it  during  the  cutting  opera- 
tion. Indexing  is  done  after  the  completion  of  the  cut  and 
while  the  machine  is  standing  still,  first  locking  the  index 
plate  by  inserting  the  stop-pin,  and  then  turning  the  index 
crank  the  required  number  of  turns.  The  index  plate  is  now 
unlocked  by  pulling  out  the  stop-pin,  and  the  machine  is 
ready  for  the  next  turn. 

62.  Fig.  25  shows  a  more  complicated  design  of  a  gear 
train  for  connecting  the  index-head  spindle  and  feed-screw. 
This  design  was  adopted  by  the  maker  of  the  particular 
style  in  which  it  is  found  because  it  allowed  a  very  rigid 
and  compact  construction  of  the  index  head. 

The  worm-shaft  a  here  carries  a  spur  gear  ^,  which  can  be, 
and  is,  locked  to  the  worm-shaft  by  dropping  the  latch  pin 
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into  one  of  the  holes  of  the  index  plate  c.  The  spur  gear  b 
meshes  with  an  idler  (/carried  on  a  stud;  this  idler  in  turn 
drives  a  spur  gear  c,  which  is  keyed  to  one  end  of  the 
shaft/.  A  spiral  gear  g  is  keyed  to  the  other  end  of 
the  shaft /and  meshes  with  another  similar  spiral  gear  A 
keyed  to  a  shaft  i,  which  is  at  right  angles  to  the  worm- 
shaft,  and,  hence,  parallel  to  the  feed-screw.  The  shaft  i 
carries  the  gear  on  the  worm-stud  k,  which  meshes  with 


the  first  gear  m  on  the  stud.  The  second  gear  n  on  the 
stud  rotates  with  m  and  meshes  with  the  feed-screw  gear  /. 
In  this  gear  train,  the  gears  b,  d.  c.  g,  aiul  /(  cannot  be 
changed;  different  sj)ir;ils  and  ludixes  are  produced  by 
changing  the  change  gears  /',  /,  w,  and  h,  as  in  the  pre- 
vious case. 
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CALCULATING  THB  CHANGB  GBAR8. 

63.  Lead  of  the  Macbine. — Assume  that  the  machine 
is  so  constructed  that  one  revolution  of  the  worm-shaft  will 
produce  exactly  one  revolution  of  the  gear  on  the  worm- 
stud  k^  Figs.  24  and  25,  and  let  the  change  gears  be  such 
that  one  revolution  of  the  feed-screw  will  produce  exactly 
one  revolution  of  the  gear  on  the  worm-stud,  and,  hence, 
of  the  worm-shaft  a.  Then,  during  one  revolution  of  the 
feed-screw,  the  milling-machine  table  will  advance  a  dis- 
tance equal  to  the  lead  of  the  feed-screw,  and,  at  the  same 
time,    the  index-head  spindle  will   be  rotated   a  part  of  a 

turn  given  by  the  fraction r ^ t—. i — j. 

''  number  of  teeth  in  worm-wheel 

To  make  one  complete  revolution  of  the  index-head  spindle, 
the  feed-screw  must  make  a  number  of  turns  equal  to  the 
number  of  teeth  in  the  worm-wheel.  The  distance  that  the 
table  will  advance,  which  is  the  lead  of  the  helix  produced 
under  the  assumed  conditions,  is  given  by  the  product 
obtained  by  multiplying  the  lead  of  the  feed-screw  by  the 
number  of  teeth  in  the  worm-wheel.  This  particular  dis- 
tance is  called  the  lead  of  ttie  mactiine. 

64.  Now,  suppose  that  the  worm-shaft  a,  Figs.  24 
and  25,  is  so  connected  to  the  gear  on  the  worm-stud  k  that 
one  revolution  of  the  worm-shaft  does  7ioi  produce  one  revo- 
lution of  the  gear  on  the  worm-stud.  Then,  the  distance 
that  the  table  advances  during  one  revolution  of  the  index- 
head  spindle  is  no  longer  given  by  multiplying  the  number 
of  teeth  of  the  worm-wheel  by  the  lead  of  the  feed-screw. 
The  rule  for  this  case  becomes  as  follows: 

Rule. — To  fiyid  the  lead  of  the  machine^  multiply  the 
number  of  revolutions  of  the  gear  on  the  ivorm-stud  that  are 
required  to  produce  one  revolution  of  the  index-head  spindle 
by  the  lead  of  the  feed-scretu. 

Example. — It  having  been  found  by  actual  count  that  56  revolutions 
of  the  gear  on  the  worm-stud  are  required  to  produce  1  revolution  of 
the  index-head  spindle,  and  the  feed-screw  having  a  lead  of  ^  inch, 
what  is  the  lead  of  the  machine  ? 
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Solution. — Applying  the  rule  just  given,  we  get 

56  X  i  =  14  in.     Ans. 

65.  The  rule  just  given  is  general,  since  it  takes  in  any 
case  that  is  likely  to  arise,  while  that  given  in  Art.  63  is 
limited  to  the  special  case  where  the  revolutions  of  the  gear 
on  worm-stud  and  worm-shaft  are  equal.  For  thife  reason, 
the  lead  of  the  machine  should  preferably  be  calculated  by 
the  general  rule  given,  which,  incidentally,  also  takes  ac- 
count of  the  fact  that  the  worm  which  meshes  with  the  worm- 
wheel  on  the  index-head  spindle  may  be  double-threaded. 

66.  Single  Gearing. — The  lead  of  the  spiral  or  helix 
having  been  given,  the  ratio  between  the  revolutions  of  the 
gear  on  worm-stud  and  the  revolutions  of  the  feed-screw  is 

lead  of  the  spiral 
lead  of  the  machine' 

Then,  for  simple  gearing  it  only  remains  to  choose  gears 
that  have  this  ratio.  This  is  most  conveniently  done  by 
raising  both  terms  of  the  ratio  to  higher  terms  that  corre- 
sj)ond  with  the  teeth  of  the  gears  available. 

ExAMTLK. — The  lead  of  the  required  helix  beinjj  14  inches  and  the 
lead  (»f  the  machine  10  inches,  what  j»;irars  may  be  used  in  simple 
fi^earing  ? 

Solution. — Hy  the  statement  of  Art.  66,  the  ratio  is  -}*.  Since 
gears  of  14  and  10  teeth  are  not  usually  available,  multiply  both  terms, 
say,  by  2.  This  gives  HjJ,  or  gears  having  2X  and  20  teeth.  Multiply- 
ing by  15.  we  get  J 5,  or  gears  having  42  and  'SO  teeth.  By  still  further 
raising  the  terms  of  the  ratio  to  higher  terms,  other  gears  can  be 
found  that  will  give  the  required  spiral.     Ans. 

67.  The  question  of  where  each  gear  of  the  set  is  to  be 
placed  depends  on  the  relation  of  the  lead  of  the  spiral  to 
the  lead  of  the  machine.  When  the  lead  of  the  spiral  is  less 
than  the  lead  of  the  machine,  the  gear  on  worm-stud  must 
be  the  smaller  gear  of  the  two;  when  the  lead  of  the  spiral 
is  greater  than  the  lead  of  the  machine,  the  gear  on  the 
worm-stud  must  be  tiie  larger  of  the  two. 
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68.  When  the  two  change  gears  of  the  train  of  simple 
gearing  are  given,  to  find  the  spiral  or  helix  that  will  be  cut, 
the  following  rule  may  be  used: 

Rule. — Multiply  the  number  of  teeth  of  the  gear  on  worm- 
stud  by  the  lead  of  the  machine^  and  divide  the  product  by  the 
number  of  teeth  of  the  feed-screw  gear. 

Example. — The  gear  on  worm-stud  having  48  teeth  and  the  feed- 
screw gear  100  teeth,  what  helix  will  be  cut  if  the  lead  of  the  machine 
is  12  inches  ? 

Solution. — Applying  the  rule  just  given,  we  get 

48x  12 


100 


=  5.76  in.     Ans. 


69.     Compound  Gearing. — When  the  machine  is  com- 

,     ,  .       lead  of  the  spiral     .    ^,  , 

pound-geared,  the  ratio  ^ — ^ — p—r ^-r-: —  is  the  compound 

^  ^  lead  of  the  machine  ^ 

ratio  of   the  gearing.     This  ratio   must   be   resolved  into 

factors  that  are  raised  to  higher  terms  until  they  correspond 

with  the  number  of  teeth  of  gears  that  are  available;     For 

instance,  let  it  be  required  to  cut  a  spiral  with  a  lead  of 

24  inches,  the  lead  of  the  machine  being  10  inches.     Then, 

the  compound  ratio  is  f  J,  which  resolves  into  the  factors 

f  X  f.    This  means  that  two  of  the  gears  that  mesh  together 

must  be  in  the  proportion  of  3  to  2,  and  the  other  two  gears 

in  the  proportion  of  8  to  5.     Raising  f  to  a  higher  term  by 

multiplying  the  numerator  and  denominator  by  any  integral 

number,  say  16,  we  get  48  and  32  teeth  as  the  number  of 

teeth  of  one  pair  of  gears.     Raising  \  to  higher  terms  by 

multiplying  the  numerator  and  denominator  by  any  integral 

number,  say  12,   we  get  90  and  60  for  the  other  pair  of 

gears.     It  is  to  be  observed  that  there 'is  not  the  slightest 

necessity  of  multiplying  the  terms  of  both  factors  by  the 

same  integral  number;  all  that  is  required  is  that  the  two 

terms  of  each  factor  be  multiplied  by  the  same  number. 

After  factoring  the  ratio,  the  numerators  of  the  factors  will 

represent   the   driven  wheels   of  the   gear  train,    and   the 

denominators  will  represent  the  drivers. 
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70.  The  question  of  where  each  pair  of  meshing  gears 
must  be  placed  can  easily  be  answered  when  it  is  considered 
that  if  the  lead  of  the  helix  to  be  cut  is  smaller  than  the  lead 
of  the  machine,  the  gear  on  worm-stud  must  run  faster  than 
the  feed-screw  gear.  When  the  lead  of  the  helix  is  greater 
than  the  lead  of  the  machine,  the  gear  on  worm-stud  must 
run  slower  than  the  feed-screw  gear. 

71.  When  the  lead  of  the  spiral  or  helix  is  a  whole  num- 
ber of  inches,  it  is  usually  quite  easy  to  factor  the  compound 
ratio.  This  factoring  can  sometimes  be  made  easier  by 
raising  the  ratio  to  a  higher  term  by  multiplying  the 
numerator  and  denominator  by  some  number.  For  in- 
stance, the  ratio  \}  is  rather  difficult  to  factor  as  it  stands, 
but  by  raising  it  to  a  higher  term,  say  by  multiplying  by  4, 
we  get  f  J,  which  readily  resolves  into  the  factors  -^J  X  4, 
or  V-  X  ^,  or  V  X  f  or  -V^  X  |. 

72.  Take,  now,  the  case  of  a  spiral  having  a  lead 
expressed  in  whole  inches  and  part  of  an  inch,  as,  for 
instance,    14J   inches.      Let    the    lead    of    the    machine    be 

12  inches.     Then,   the  compound   ratio  is  --^,   which  is  a 

form  in  which  it  is  rather  difficult  to  factor.  Now,  suppose 
it  is  raised  to  a  higher  term,  multiplying  by  a  number  that 
will  make  the  numerator  14}  a  whole  number.  In  this  case, 
it  is  obvious  that  4,  or  a  multiple  of  4,  will  be  the  number 

144- 
to  use.      Raising  -- .     to  a  higher  term  by  multiplying  the 

1  V 

numerator  and  denominator  by  4,  we  get  ||  as  the  com- 
pound ratio.  This  readily  resolves  into  quite  a  number  of 
factors,  thus:  J  X  -j^,  or  j^^  X  V,  ^^  V"  X  h  or  Y  X  f  or 
Iff  X  V»  ^^^  TT  X  3,  etc. 

73.  When  it  is  not  feasible  to  factor  the  compound 
ratio,  or  to  get  gear  combinations  tliat  include  available 
gears,  the  proper  gear  combination  can  often  only  be  dis- 
covered by  a  method  that  may  be  aptly  described  as  **  cut- 
ting and  trying."     In  many  cases  it  is  not  possible  to  cut 
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the  required  spiral  at  all,  but  the  machine  may  often  be 
geared  to  cut  a  spiral  that  approaches  the  desired  spiral 
somewhat  closely.  Here  the  cut-and-try  method  must  also 
be  followed. 

There  are  two  methods  of  procedure  that  may  be  adopted ; 
either  three  gears  of  the  set  are  assumed  and  the  fourth  is 
calculated,  or  a  combination  of  four  gears  is  selected  and 
the  resulting  spiral  or  helix  found  by  calculation. 

74.  When  three  gears  of  the  set  are  assumed,  the  fourth 
may  be  calculated  as  follows: 

Rule. — Multiply  the  lead  of  the  spiral  or  helix  in  inches 
by  the  number  of  teeth  of  the  feed-screiv  gear  and  the  first 
gear  on  stud.  Divide  the  product  by  the  product  of  the  num- 
ber of  teeth  of  the  second  gear  on  stud  and  the  lead  of  the 
machine  in  inches.  The  quotient  will  be  the  number  of  teeth 
of  the  zvorni'gear. 

Example  1. — If  the  feed-screw  gear  has  40  teeth,  the  first  gear  on 
stud  32  teeth,  the  second  gear  on  stud  56  teeth,  the  lead  of  the  machine 
being  10  inches,  and  the  helix  to  be  cut  being  28  inches,  what  should  be 
the  number  of  teeth  of  the  worm-gear  ? 

Solution. — Applying  the  rule  just  given,  we  get 

28  X  40  X  82 


56  X  10 


=  64  teeth.     Ans. 


Example  2. — A  spiral  having  a  lead  of  39  inches  is  to  be  cut.  The 
feed-screw  gear  has  40  teeth,  the  first  gear  on  stud  32  teeth,  the  second 
gear  on  stud  56  teeth,  and  the  lead  of  the  machine  is  10  inches;  what 
number  of  teeth  should  the  gear  on  worm-stud  have  ? 

Solution. — Applying  the  rule  given  and  substituting,  we  get 

39  X  40  X  32 


56  X  10 


H^  teeth. 


Since  a  gear  with  this  number  of  teeth  is  an  impossibility,  the  cal- 
culation shows  that  with  the  gears  selected  it  is  not  possible  to  cut  the 
required  spiral.  If  a  gear  with  89  teeth  is  available,  a  fairly  close 
approach  to  the  required  spiral  may,  however,  be  cut.     Ans. 

75.  When  the  four  gears  and  the  lead  of  the  machine 
are  known,  the  resulting  spiral  or  helix  may  be  calculated 
as  follows: 
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Rule. — Multiply  the  lead  of  the  vtachine  by  the  number 
of  teeth  of  the  gear  on  worvt-stud  and  the  second  gear  on  stud. 
Divide  this  product  by  t lie  product  of  the  number  of  teeth  of 
the  feed-screw  gear  and  the  first  gear  on  stud. 

Example. — In  example  2  of  Art.  74,  it  was  stated  that  a  fair 
approximation  to  the  required  spiral  might  be  cut  with  a  gear  on 
worm-stud  having  89  teeth.  Calculate  the  spiral  that  will  actually 
be  cut. 


*^  «A  v« 

Solution. — Applying  the  rule  just  given,  we  get 

10  X  89  X  56      _  .„,_  .         . 

— TTT :r;r —  =  38.9375  itt.     Ans. 

40  X  32 


76.  Special  attention  is  called  to  the  fact  that  it  is  a 
mathematical  impossibility  to  calculate  directly  what  the 
number  of  teeth  of  the  four  change  gears  should  be  to  pro- 
duce a  given  spiral. 

Let   n'  =  number  of  teeth  in  gear  on  worm-stud ; 
;/    =  number  of  teeth  in  second  gear  on  stud; 
N'  =  number  of  teeth  in  feed-screw  gear; 
N  =  number  of  teeth  in  first  gear  on  stud; 
L    =  lead  of  machine; 
6'    =  lead  of  spiral  or  helix. 

Then,  the  equation  giving  the  relation  is 

;/  //'  L 


S  = 


N  N" 


In  this  equation  there  are  four  unknown  quantities,  viz., 
;/,  ;/',  N,  and  N' .  They  are  not  known  in  terms  of  each 
other,  i.  e.,  their  relation  is  unknown,  and,  hence,  it  is 
a  mathematical  impossibility  to  solve  the  equation  for 
;/,  u\  A',  and  A'  without  assigning  values  to  at  least  three 
of  these  factors. 

77.  To  sum  up:  When  three  gears  are  given,  the  fourth 
can  readily  be  calculated,  as  has  been  shown.  When  the  four 
gears  are  given,  the  resulting  spiral  or  helix  is  easily  com- 
puted. To  discover  the  proper  relation  between  the  gears, 
factoring  must  be  resorted  to.  When  factoring  fails,  the 
cut-and-try  method   must    be   adopted  and  followed   until 
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either  a  correct  gear  combination  or  one  that  will  give 
an  approximation  which  is  considered  close  enough  is 
obtained. 


CUTTING  HBLIXBS  AND  SPIRALS. 

78.  Cutters  and  Profiles. — By  far  the  greater  part 
of  the  spiral  work  done  in  a  milling  machine  consists  of  the 
cutting  of  helical  and  spiral  grooves.  Familiar  examples  of 
the  class  of  work  done  are  the  fluting  of  helical-tooth  ream- 
ers and  of  twist  drills,  the  cutting  of  the  spaces  of  helical- 
tooth  milling  cutters,  the  cutting  of  screw  gears,  etc. 

With  a  helical  or  spiral  groove,  its  profile  (shape)  is  given 
by  the  intersection  of  the  groove  with  a  plane  perpendicular 
to  the  helix  or  spiral,  while  with  a  straight  groove  that  is 
parallel  to  the  axis  of  the  work,  its  profile  is  its  intersection 
with  a  plane  perpendicular  to  the  axis  of  the  work.  This 
must  be  carefully  borne  in  mind  when  selecting  a  cutter  for 
a  helical  or  spiral  groove. 

79.  When  the  profile  of  the  groove  is  symmetrical,  it  can 
be  cut  with  either  a  suitable  end  mill  or  a  formed  cutter  of 
the  required  shape,  but  when  the  groove  has  an  unsym- 
metrical  profile,  an  end  mill  cannot  be  used. 

When  an  end  mill  is  employed  for  cutting  the  groove,  the 
table,  when  arranged  to  swivel,  as  is  the  case  in  horizontal 
universal  milling  machines,  must  be  set  to  zero,  i.  e.,  so  that 
its  direction  of  motion  is  in  a  plane  perpendicular  to  the  axis 
of  rotation  of  the  cutter. 

80«  A  formed  milling  cutter  must  be  employed  for  un- 
symmetrical  grooves,  and  can  also  be  advantageously  used 
for  many  symmetrical  grooves.  It  requires  the  table  to  be 
set  to  an  angle  with  the  axis  of  rotation  of  the  cutter  that  is 
equal  to  the  difference  between  the  angle  of  the  helix  and  90°. 
As  a  general  rule,  the  graduations  of  a  milling-machine  table 
are  so  arranged  that  when  the  table  is  set  so  that  the  grad- 
uation reads  to  the  angle  of   the  helix,   it  will  make  the 
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Dwith  parallel  S] 
as  a  slitting  saw, 
instance,  it  wil 


required  angle  to  the  axis  of  rotation  of  the  cutter.  A  rule 
for  calculating  the  angle  of  the  helix  has  been  previously 
given. 

81.  If  the  table  is  not  set  to  the  angle  of  the  helix,  the 
resulting  groove  will  not  have  the  same  profile  as  the  cutter. 
This  fact  can  often  be  taken  advantage  of  when  a  cutter  of 
the  right  width  is  not  available  and  the  exact  shape  of  the 
profile  need  not  be  particularly  accurate. 

82.  Helical    Grooves    Wltb   Parallel  Sides.  — In 

milling  a  helical   or  spiral    groove   with  the  kind  of  plain 

cutter  that  will  pro- 
duce a  straight  groove 
with   parallel    sides, 

for 
will  be 
found  that  the  result- 
ing groove  will  not 
have  parallel  sides,  but 
will  be  about  as  shown, 
somewhat  exagger- 
ated, in  Fig.  2(3  {a). 
From  this  fact,  the 
conclusion  is  to  be 
drawn  that  when  a 
helical  or  spiral  groove 
with  parallel  sides  is  to 
be  cut,  a  face  cutter 
cannot  be  employed; 
an  end  mill  will,  how- 
ever, be  found  to  an- 
swer for  this  purpose. 

83.  Helical  GroovcH  W- Itli  Inclined  Sides. — When 
an  attempt  is  made  to  cut  an  angular  helical  groove  with  a 
single-angle  cutter,  it  will  be  found  that  the  angle  between 
the  sides  of  the  groove  will  not  be  equal  to  the  angle  of  the 
cutter,  but  will  be  about  as  shown,  somewhat  exaggerated, 


W 
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PIO.  27. 


I**ig.  26  (^).     It  will  further  be  noticed  that  the  side  a  of 
groove  is  very  rough  compared  with  the  side  ^,  and  that 
ecided  burr  is  thrown  up  at  c.     From  these  facts,  the 
elusions  are  to  be  drawn  that  a  single-angle  cutter  can- 
ti  reproduce  its  own  profile  and  that  cutting  teeth  lying 
a  plane,  as  those  on  the  right-hand  side  of  the  angular 
'titer  shown,  will  not  mill  a  smooth  groove.     The  following 
tieral    conclusions    may 
^o   be   drawn    from    the 
^ts   stated   in    this   and 
■^  e    preceding    article, 
o  cutter,  except  an  end 
ill,    can    reproduce     its 
Xvn     profile    in    a    spiral 
Y  helical  groove  when 
^  "^    has    teeth    on    one    or 
Vr^oth    sides   that   lie   in   a 
l:>lane.     From  this  it  follows  that  any  cutter,  except  an  end 
Xmill,  that  is  required  to  produce  its  own  profile  in  a  helical 
^iDr  spiral  groove  must  be  wider  at  the  bottom  than  at  the 
top  of  the  teeth,  and  no  teeth  must  lie  in  a  plane.     Hence, 
"when  angular  grooves  are  to  be  milled,  double-angle  cut- 
lers should  always  be  used;    such  cutters  will  reproduce 

their  own  profile,  as  shown  in 
Fig.  27,  and  mill  both  sides  of 
the  groove  smooth. 

S4.     Helical   Grooves 
With  One  Side  Radial.— A 

great  deal  of  the  spiral  work 
done  with  angular  cutters  re- 
quires one  side  of  the  groove 
to  be  radial.     For  this  work, 
double-angle  cutters  must  be 
.selected,  and  they  must  be  set 
sufficiently  off  center  to  make  the  required  side  of  the  groove 
radial  when  the  cutter  is  sunk  into  the  work  to  the  proper 
d^pth.     Referring  to  Fig.  28  {a),  which  shows  a  double-angle 


Fio.  28. 
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cutter  sunk  into  the  work  until  the  side  a  of  the  groove 
is  radial,  the  amount  that  the  cutter  must  be  set  off  center 
is  the  distance  b.  It  can  be  readily  shown  that  this  distance 
varies  with  the  depth  of  the  cut;  thus,  in  order  that  the 
side  a  may  remain  radial  for  a  greater  or  smaller  depth  of 
cut,  the  cutter  must,  evidently,  be  shifted  radially,  that  is, 
along  the  line  o  c.  Then,  for  a  smaller  depth  of  cut,  as  shown 
in  Fig.  28  (^),  the  distance  b'  that  the  cutter  is  off  center 
will  be  greater  than  b,  and  for  a  greater  depth  of  cut,  this 
distance  will  be  smaller. 

85.  The  distance  that  the  cutter  is  to  be  set  off  center 
is  given  correctly  by  the  following  rule: 

Rule. — Subtract  the  depth  of  the  cut  measured  radially 
from  the  radius  of  the  work  and  multiply  the  remainder  by 
the  sine  of  the  ayigle  included  between  that  side  of  the  cutter 
with  which  the  radial  side  of  the  groove  is  to  be  cut  and  a 
plane  perpendicular  to  the  axis  of  the  cutter^  as  the  angle  d  in 
Fig,  28  (b). 

Example. — The  angle  d,  Fig.  28  (d),  being  12"*,  how  much  should  the 
cutter  be  set  off  center  when  the  work  is  3  inches  in  diameter  and  the 
radial  depth  of  the  cut  .4  inch  ? 

Solution. — From  a  table  of  natural  sines,  the  sine  of  12^  is  .20791. 
For  the  class  of  work  usually  done,  it  is  near  enough  to  call  the 
sine  .2.     Applying  the  rule  just  given,  we  get 

(|  -  .4)  X  .2  r-.  .22  in.     Ans. 

86.  If  the  effect  of  the  depth  of  the  cut  is  left  entirely 
out  of  consideration,  the  rule  for  setting  the  cutter  off  cen- 
ter becomes:  Multiply  the  diameter  by  half  the  sine  of  the 
angle  d^  Fig.  28  (b).  On  this  basis,  the  following  approxi- 
mate table  has  been  calcidated  for  the  angles  most  com- 
monly used  for  double-angle  cutters. 

The  rules  here  given  for  the  offset  of  double-angle  cut- 
ters apply  to  straight  grooves  as  well  as  to  helical  grooves. 
In  the  case  of  a  helical  groove,  the  cutter  should  be  set 
correctly  while  the  line  of  motion  is  at  right  angles  to  the 
axis  of  rotation  of  the  cutter;  the  table  is  to  be  swiveled  to 
the  angle  of  the  helix  after  setting  the  cutter  off  center. 
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TABLrB   SHOWING    OFFSET  OF  DOUBLB-ANGLB 

CUTTERS. 


Angle. 

Offset. 

12° 

Diameter  X  .1 

m" 

Diameter  x  .23 

30° 

Diameter  X  .25 

40° 

Diameter  x  .32 

45° 

Diameter  x  .35 

48° 

Diameter  X  .37 

53° 

Diameter  X  .4 

87.     Proper  Direction  of  Rotation  of  Work. — In 

cutting  helical  grooves  with  double-angle  cutters  having 
unequal  angles,  the  work  should  always  revolve  toward  that 
side  of  the  cutter  where  the  teeth  have  the  greater  angle. 
Fig.  29  shows  the  four  cases  that  arise  in  practice;  in  each 
case,  the  side  a  of  the  cutter  has  the  greater  angle,  and  the 


A 


K 


K 


A 


Fig.  29. 

work  should  revolve  toward  it,  or  in  the  direction  of  the 
arrow  x.  This  statement  applies  to  right-handed  and  left- 
handed  spirals  and  helixes;  the  direction  of  rotation  that 
will  bring  the  work  toward  the  greater  angle  of  the  cutter 
can  be  secured  by  a  proper  arrangement  of  cutter  and  feed. 
The  object  of  feeding  the  work  toward  the  side  of  the  cutter 
having  the  greater  angle  is  to  make  the  sides  of  the  groove 
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smooth ;  experience  has  shown  that  smooth  sides  cannot  be 
obtained  except  by  rotating  the  work  in  the  manner  stated. 

88.  Great  care  must  be  taken  in  all  spiral  work  to  con- 
fine the  work  in  such  a  manner  that  it  can  neither  slip  in 
the  direction  of  its  axis  nor  slip  about  its  axis.  Should  this 
happen,  not  only  the  work  will  be  spoiled,  but  most  likely 
the  cutter  and  arbor  also.  When  the  cut  has  been  com- 
pleted, before  running  the  table  back,  take  the  work  away 
from  the  cutter,  or  vice  versa,  in  order  that  the  cutter  may 
not  drag  in  the  groove,  which  will  mar  and  score  the  latter. 


THE   NATUKAL  FUNCTIONS. 

89.  Deflnitions. — In  any  circle,  as  in  a.  Fig.  30,  draw 
any  two  radii,  as  o  d  and  oe,  so  that  the  angle  cod  included 
between  them  is  less  than  90°.     From  the  intersection  c  of 

the  radius  ^^  with  the  cir- 
cle, drop  a  perpendicular 
ed  on  ob.  Prolong  oe,  and 
at  b  erect  a  perpendicular 
to  ob  which  will  be  tangent 
to  the  circle,  prolonging  the 
perpendicular  until  it  inter- 
sects oc  prolonged  in  e. 

The  line  r^/ is  called  the 
sine  of  the  angle  cob  and 
is  abbreviated  to  sin;  the 
line  ^  r/  is  called  the  cosine 
of  the  angle  cob  and  is 
written  cos ;  the  line  db  is 
called  the  versed  sine  of 
the  angle  cob  and  is  written  vcrsin ;  the  line  be  is  called 
the  tangent  of  the  angle  cob  and  is  written  tan. 

From  the  center  o  of  the  circle,  draw  a  radius  ofi\X,  right 
angles  to  ob.  Then,  the  angle  foe  is  called  the  comple- 
ment of  the  angle  cob,  and,  evidently,  is  equal  to  the 
difference  between   cob  and   90°.      Draw  a  line  tangent  to 


Fig.  30. 
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the  circle  at  f,  i.  e.,  perpendicular  to  of,  and  extend  it 
until  it  intersects  £7^  prolonged  at^'-.  The  line/"^'*,  then,  is 
the  tangent  of  the  complement  of  the  angle  r^^,  and  is 
called  the  cotansrent  of  the  angle  cob.     It  is  written  cot. 

90«     All  these  lines  are  called  functlonn  of  tlie  ans:le  ; 

their  relative  lengths  vary  with  the  magnitude  of  the 
angle  coby  but  the  ratio  between  their  lengths  and  the 
length  of  the  radius  remains  constant  for  a  given  angle,  no 
matter  what  the  radius  may  be. 

Tables  have  been  prepared  in  which  the  ratio  of  the 
lengths  of  the  different  functions  to  the  radius  for  all  angles 
between  0°  and  90°  is  given  on  the  assumption  that  the 
length  of  the  radius  is  unity  (1).  Hence,  if  the  length  of 
any  other  radius  is  given,  the  length  of  the  corresponding 
function  can  always  be  found  by  multiplying  the  value  of 
the  function  for  a  radius  of  unity,  as  taken  from  the  table, 
by  the  given  radius. 

Such  tables  are  called  tables  of  natural  functions, 
and  those  most  frequently  used  are  given  at  the  end  of 
this  volume.  Tables  of  versed  sines  are  not  given,  but  the 
versed  sine  of  any  angle  can  be  found  by  subtracting  the 
value  of  the  cosine  of  the  angle,  as  taken  from  the  tables, 
from  1. 

91.  Use  of  tlie  Tables. — To  find  a  function  of  an 
angle  less  than  45°,  look  for  the  number  corresponding  to 
the  degrees  of  the  angle  in  the  horizontal  row  at  the  top  of 
the  page.  Look  for  the  minutes  in  the  first  vertical  column 
at  the  left  and  follow  it  over  to  the  right  until  the  vertical 
column  marked  with  the  number  of  degrees  is  reached. 
The  value  of  the  function  will  be  found  there. 

Example. — Find  the  cosine  of  W  27'. 

Solution. — The  column  containing  the  values  of  cosines  between 
41*  and  42"  is  found  to  be  the  second  column  on  page  9  of  the  tables. 
Opposite  27'  and  in  the  second  column,  we  find  .74953  as  the  value  of 
the  cosine.     Ans. 

92.  To  find  the  value  of  a  function  of  an  angle  larger 
than  45°,  look  for  the  number  of   degrees  in  the  bottom 
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consists  of  a  circular  table  a  fitted  to  the  bas«  d  in  such  a 
manner  that  it  can  be  rotated  about  its  axis.  For  this 
purpose,  a  worm-wheel  is  placed  inside  of  the  base  which  is 
attached  to  the  table ;  a  worm,  operated  by  the  hand  wheel  f, 
meshes  with  the  worm-wheel  and  serves  to  rotate  the  table. 


The  particular  form  of  rotary  milling  attachment  here 
shown  is  only  intended  to  be  rotated  by  hand ;  such  attach- 
ments are  often  fitted  with  an  automatic  feed,  however,  that 
can  be  adjusted  to  start  and  stop  at  any  point. 


3.     Fig.    : 
attachment  diffcrinjr  slightly  fn 
In  this  case,  the  work  a  is  a  won 


a  circular  milling 
tliat  shown  in  Fig.  1. 
heel  blank  that  is  being 
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grooved  around  its  circumference  preparatory  to  cutting  the 
teeth.  A  form  cutter  b  is  used  for  grooving.  This  job 
might  be  done  in  the  lathe;  experience,  however,  has  shown 
that  the  work  can  be  done  as  well,  and  much  faster,  in  the 
milling  machine.  An  automatic  feed  is  of  decided  advan- 
tage for  work  that  is  to  be  milled  around  its  entire  periph- 
ery, or  the  greater  part  of  it;  in  the  attachment  shown,  the 
shaft  r,  which  carries  the  worm,  is  automatically  rotated  by 
the  feed  mechanism. 

4.  The  class  of  work  that  may  be  done  with  the  aid  of  a 
circular  milling  attachment  does  not  differ  in  general  from 
that  which  can  be  done  in  a  lathe.  In  addition,  some 
circular  work  can  be  done  for  which  the  lathe  is  not  at  all 
adapted,  as,  for  instance,  finishing,  between  the  spokes  on 
the  inside  of  the  rim  of  hand  wheels,  and  the  cutting  of  cir- 
cular slots  closed  at  both  ends. 

5.  Vertical  Milling  Attaclnnent. — For  many  classes 
of  milling,  a  vertical  milling  machine  is  of  advantage  chiefly 
on  account  of  the  fact  that  the  operator  is  better  able  to 
see  the  cut.  In  order  to  obtain  this  benefit  from  a  hori- 
zontal machine,  it  may  be  fitted  with  a  suitable  device  for 
transforming  it,  for  the  time  being,  into  a  vertical  spindle 
machine.  While  such  an  attachment  cannot  be  expected  to 
have  as  large  a  range  as  a  vertical  milling  machine,  it  will 
greatly  extend  the  range  of  a  horizontal  machine,  and  if 
properly  designed,  will  allow  work  to  be  performed  that 
cannot  be  done  otherwise  except  by  a  special  machine,  such 
as  the  cutting  of  relatively  long  racks,  the  cutting  of  helixes 
having  a  very  large  angle  of  helix,  the  sawing  off  of  stock 
too  long  to  go  into  the  machine  in  the  ordinary  way,  that  is, 
placed  parallel  to  the  spindle,  and  similar  work. 

6.  Fig.  3  shows  one  form  of  a  vertical  milling  attach- 
ment. It  consists  of  a  frame  a^  which  carries  a  central  shaft 
fitted  to  the  hole  of  the  milling  spindle  and  inserted  therein. 
The  frame  of  the  attachment  is  secured  to  the  frame  of  the 
machine  in  such  a  manner  that  it  can  be  turned  completely 
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about  the  axis  of  the  horizontal  shaft,  and  can  be  rigidly 
clamped  in  any  position.  The  vertical  spindle  b  is  carried 
in  bearings  at  the  outer  end  of  the  frame;  being  at  right 


angles  to  the  horizontal  spindle,  it  is  driven  either  by  bevel 
gears  or  by  screw  gears,  in  this  particular  case  being  driven 
by  the  former. 

7.  The  frame  of  the  attachment  is  graduated  to  degrees, 
and  a  zero  mark  pluced  on  the  frame  of  the  machine  indi- 
cates, by  its  coincidence  with  the  zero  of  the  graduation, 
when  the  spindle  is  vertical;  i.  e.,  at  right  angles,  in  a  ver- 
tical plane,  to  the  horizontal  line  of  motion.  From  this  it 
follmvs  that  in  tiiis  position  any  end  mill  will  cut  a  horizon- 
tal surface  parallel  to  the  line  of  motion,  and  any  plain  mill 
or  formed  mill  will  cut  in  a  vertical  plane  parallel  to  the 
line  of  motion.  By  swivcling  the  frame  of  the  attachment 
so  that  the  spindle  becomes  horizontal,  i.  e.,  lies  in  a  plane 
parallel  to  the  line  of  motion,  vertical  surfaces  can  be  cut 
with  an  end  mill,  and  horizontal  cuts  at  right  angles  (or  in 
case  of  a  table  arranged  to  swivel,  at  various  angles)  to  the 
line  of  motion  of  the  table  can  be  taken. 


8.     A 


ertical   milling-machine 
be  used  for  helixes  in   t 
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incidentally  adapt  it  to  cases  where  the  table  cannot  be  con- 
veniently swiveled.  In  the  first  place,  the  attachment  may 
be  rotated  about  its  axis  to  suit  the  angle  of  the  helix;  that 
is,  it  may  be  set  so  that  the  spindle  of  the  attachment  makes 
a  vertical  angle  with  the  line  of  motion  of  the  table  equal  to 
the  difference  between  the  angle  of  the  helix  and  90°.  A 
plain  mill  or  formed  mill  attached  to  an  arbor  is  then  used, 
and  the  cut  is  taken  on  the  side  of  the  work. 

In  the  second  place,  the  attachment  may  be  set  with  its 
spindle  parallel  to  the  line  of  motion,  that  is,  horizontal. 
In  that  case,  the  milling-machine  table  must  be  set  over 
until  its  graduation  indicates  an  angle  equal  to  the  differ- 
ence between  the  angle  of  the  helix  and  90°.  Using  a  plain 
mill,  or  a  formed  mill,  or  a  similar  cutter  attached  to  an 
arbor,  the  cut  is  then  taken  on  top  of  the  work. 

In  the  third  place,  the  attachment  may  be  set  with  its 
spindle  vertical,  that  is,  in  a  plane  perpendicular  to  the  line 
of  motion.  It  is  then  used  with  an  end  mill,  which  is  ap- 
plied on  top  of  the  work  for  grooving,  and  on  the  side  of  the 
work  for  plain  milling. 

As  a  general  rule,  the  first  and  the  third  method  given 
will  allow  a  greater  range  of  work  to  be  done  and  allow 
longer  helixes  to  be  cut  without  interference  by  the  frame 
of  the  attachment  than  is  possible  with  the  second  method. 
Since  neither  the  first  nor  the  third  method  involves  a  set- 
ting over  of  the  milling-machine  table,  they  allow  a  plain 
milling  machine  to  be  converted  into  one  adapted  for 
spiral  work. 

9.  Cam  Classification. — The  cams  in  most  general 
use  may  be  classified  as  face  cams,  side  cams^  and  grooved 
cams.  A  face  cam  may  be  defined  as  a  cam  that  will  cause 
motion  in  a  direction  at  right  angles  to  its  axis  of  rotation, 
as,  for  instance,  the  cam  shown  in  Fig.  4  {a).  A  side  cam 
may  be  defined  as  a  cam  that  will  cause  motion  in  the  di- 
rection of  its  axis,  as  the  cam  shown  in  Fig.  4  {h).  A 
grooved  cam  may  have  the  groove  cut  into  its  face,  as 
the  one  shown  in  Fig.  4  (c);  in  this  case,  it  will  cause  motion 
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in  the  direction  of  its  axis,  and  may  be  called  a  grooved 
side  cam,  since  it  causes  a  motion  similar  to  that  of  a  side 
cam.  The  groove  may  be  cut  in  the  side  of  the  cam,  how- 
ever, as  shown  in  Fig.  4  (ii) ;  in  that  case,  the  motion  will 
he  similar  to  that  caused  by  a  face  cam  and,  hence,  it  may 
be  called  a  grooved  face  cam.     The  term  ''cylindrical 
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cam  "  is  often  applied  to  cams  of  the  kind  shown  in  Fig.  4  {c). 
Cams  of  the  form  shown  in  Fig.  4  (a)  and  (d)  are  often 
called  radial  cams,  and  cams  that  cause  motion  in  the  direc- 
tion of  their  axes,  as  those  shown  in  Fig.  4  (b)  and  (^),  are 
sometimes  called  ^,i'/V?/ cams. 

1(>.  Cam-Cuttinic  Attacliment.  —  Nearly  all  the 
cam  cutting  that  is  done  in  the  milling  machine  may 
be  classified  under  the  heading  of  duplicate  work;  in  ma- 
king a  cam,  the  shape  of  the  working  surface  is,  as  a  gen- 
eral rule,  determined  by  a  master  cam,  which  serves  as 
a  guide,  or  templet,  for  guiding  the  work  in  relation  to 
the  cutter. 

Fig.  5  shows  one  form  of  a  cam-cutting  attachment  in 
place  on  a  milling  machine,  and  will  serve  to  show  the  prin- 
ciple involved  in  the  construction  of  nearly  all,  if  not  all, 
such  attachments. 

A  false  table  a  is  bolted  to  the  regular  milling-machine 
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table;  a  slide  b  is  gibbed  to  the  false  table,  and  is  free  to 
slide  along  it.  The  slide  b  carries  a  shaft  r  in  a  bearing 
formed  in  it;  this  shaft  is  at  right  angles  to  the  line  of  mo- 
tion of  the  slide  and  carries  a  worm-wheel  d  with  which  a 
WM'm  e  meshes.  The  shaft  c  can  be  rotated  by  hand  or 
automatically;  in  the  latter  case,  the  pulley  /  is  belted  to 
some  suitable  feed-pulley  of  the  machine.  In  order  that  the 
shaft  c  may  be  driven  automatically  in  any  position  of  the 
slide,  the  worm-shaft  is  splined  and  is  driven  by  a  feather 


attached  to  a  sleeve  that  carries  the  pulley/".  The  shaft  c 
is  so  arranged  that  it  can  either  be  left  free  to  slide  in  the 
direction  of  its  axis  or  can  be  confined  longitudinally;  in 
the  latter  case,  it  can  only  rotate  about  its  axis.  The  master 
cam^andthe  work  A  are  both  fastened  to  the  shaft  c;  a 
roller  carried  by  the  stationary  bracket  i  engages  with  the 
roaster  cam,  which  is  held  against  the  roller  by  a  heavy 
weight  k  attached  to  the  slide  b.     It  is  easily  seen  that  by 
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turning  the  master  cam  the  slide  is  set  in  motion,  and  that 
a  milling  cutter  will  cut  the  work  to  an  outline  depending 
on  the  shape  of  the  master  cam.  With  the  attachment  in 
the  position  shown  in  the  illustration,  face  cams  having  their 
working  surface  either  on  the  inside  or  on  the  outside,  and, 
also,  grooved  face  cams  can  be  cut. 

1  !•  For  milling  plain  or  grooved  side  cams,  a  properly 
made  master  cam  is  fastened  to  the  shaft  ^,  which  is  then 
unlocked  in  order  to  allow  it  to  slide.  The  whole  attach- 
ment is  now  turned  around  until  it  is  at  right  angles  to  the 
position  shown  in  the  illustration.  The  weight  k  is  then 
attached  to  the  shaft  r,  and  the  roller  in  the  stationary 
bracket  /  engaging  with  the  side  of  the  master  cam,  the 
shaft  and  the  attached  work  will  slide  in  and  out,  as  in- 
duced by  the  master  cam.  The  automatic  feed  may  be 
driven,  in  this  case,  from  the  pulley  /.  It  will  be  under- 
stood that  when  cutting  side  cams  in  this  manner,  the 
slide  b  must  be  locked  to  the  false  table  a, 

1  2.  While  this  device  will  cut  cams  from  a  master  cam, 
it  will  not  produce  a  master  cam.  This  must  be  produced  in 
some  other  manner  first ;  in  many  cases  the  curves  of  the 
master  cam  are  such  that  it  can  advantageously  be  finished 
to  the  correct  shape  by  milling,  or,  perhaps,  the  greater 
part  can  be  finished  by  milling  and  the  rest  by  filing. 

13.  Planer  Milliner  Attachment. — Fig.  G  shows  a 
milling  attachment  used  for  converting  a  planer  into  a  mill- 
ing machine.  It  consists  of  a  head  a  and  an  outboard 
bearing  b^  both  of  which  are  attached  to  the  regular  planer 
cross-rail.  The  head  a  carries  the  spindle  r,  which  is  bored 
out  to  take  an  arbor  or  the  shank  of  a  cutter.  The  spindle 
is  driven  from  the  pulley  d  by  the  intervention  of  suitable 
gearing.  Since  the  regular  speed  of  the  planer  platen  is 
entirely  too  high  to  be  suitable  for  the  feed,  a  countershaft 
will  usually  have  to  be  introduced  in  order  to  lower  the 
speed  of  the  platen,  or  some  other  equivalent  device  must 
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be  used.    The  cutter  is  adjusted  £ordepth"of  cut  by  moving 
the  cross-rail  up  or  down  the  housings ;  the  sidewise  position 


of  the  cutter  is  adjusted  by  moving  the  regular  planer 
head  c,  to  which  the  head  a  and  outboard  bearing  b  are  tied 
by  the  roA  f. 

In  the  particular  design  of  attachment  shown,  the  head  a 
is  arranged  so  that  it  can  be  swiveled.  This  allows  angular 
cuts  to  be  made  with  a  plaiii  mill  ur  a  side  mill,  and  greatly 
extends  the  range  of  work  that  may  be  done. 

14.  The  attachment  illustrated  will  quite  satisfactorily 
convert  a  planer  into  a  milling  machine;  it  is  rather  doubt- 
ful, however,  whether  such  a  makeshift  will  do  as  much 
and  as  good  work  as  a  regular  machine  designed  especially 
to  withstand  the  strains  to  which  it  is  subjected  by  the 
milling  operation.  On  the  other  hand,  it  allows  work  to  be 
done  in  one  setting  that  cannot  be  done  otherwise  without 
two  separate  machines,  since  it  allows  some  parts  of  the 
work  to  be  finished  by  milling,  as,  for  instance,  straight 
grooves  having  an  irregular  profile,  and  allows  the  lest  of 
the  work,  as  undercuts,  etc.,  to  be  finished  by  planing. 
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UIRECTION   OF  FBBD. 

1 5.  Methods  of  P««dlns. — There  is  a  great  diversity 
of  opinion  among  the  builders  of  milling  machines  as  to  the 
direction  the  feed  should  have  with  respect  to  the  direction  of 
rotation  of  the  cutter.  Perhaps  the  majority  of  builders  of 
milling  machines  are  in  favor  of  feeding  the  work  against 
the  cutter;  that  is,  with 
the  cutter  rotating  in 
the  direction  of  the  ar- 
row J-,  Fig.  7,  they  hold 
that  the  work  a  should 
be  fed  in  the  direction 
of  the  arrow,;'.  In  this 
case,  the  tendency  of 
the  cutter  is  to  push 
the  work  away  from 
the  cut.  On  the  other 
loiig  whom  may  be  men- 
)any,  who  are  in  favor  of 
or  if  the  cutter  revolves 
cy  feed  the  work  b  in  the 
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direction  of  the 
tendency  to  dr;i 

It).  Cliolutt  of  Method.— It  is  by  no  means  settled  as 
to  which  method  of  feeding  will  produce  the  best  results;  it 
is  probable  that  under  proper  conditions  just  as  good  results 
can  be  secured  with  one  method  as  with  the  other.  From 
this  it  must  not  be  inferred,  however,  that  a  machine  built 
and  intended  for  feeding  agaiiist  the  cutter  is,  without  fur- 
ther preparation,  adapted  for  the  other  way  of  feeding;  an 
attempt  to  do  so  with  such  a  machine  is  not  likely  to  be 
repeated  by  the  experimenter  on  account  of  the  destructive 
results  of  tln^  experiment. 

As  previously  stated,  by  feeding  the  work  in  the  direction 
of  the  arrow  ;:,  Fig.  7,  while  the  cutter  is  revolving  in  the 
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direction  of  the  arrow  ;r,  that  is,  feeding  with  the  cutter, 
there  will  be  a  tendency  to  draw  the  work  toward  the  cut- 
ter. Taking  a  machine  arranged  for  feeding  against  the 
cutter  and  attempting  to  feed  with  the  cutter,  the  latter 
will  suddenly  draw  the  work  toward  it  at  the  beginning  of 
the  cut  to  an  extent  depending  on  the  amount  of  backlash 
between  the  feed-screw  of  the  milling-machine  table  and  the 
nut  in  which  it  works.  In  consequence  of  this,  the  cutter 
will  climb  up  on  the  work;  either  the  cutter  will  break,  or 
the  arbor  will  be  bent,  or  the  work  will  be  broken.  In  any 
case,  the  result  is  exactly  what  might  have  been  anticipated. 

1 7.  The  whole  trouble  is  due  to  the  backlash  always  ex- 
isting between  the  feed-screw  and  its  nut;  by  taking  up  the 
backlash  in  the  proper  manner,  or,  more  correctly  speaking, 
by  transferring  it  to  a  place  where  it  can  do  no  harm,  a 
machine  built  to  feed  against  the  cutter  can  be  made  to  feed 
with  the  cutter.  The  usual  and  most  obvious  way  to  pre- 
vent the  table  from  jumping  forwards,  is  to  hold  it  back  by 
a  heavy  weight  attached  to  a  cord  or  chain  fastened  to  the 
table;  the  cord  or  chain  then  passes  over  a  pulley  placed  in 
line  with  the  table. 

1 8.  Considering  the  case  of  a  milling  machine  arranged 
to  feed  with  the  cutter,  it  can  be  used  with  impunity  for 
feeding  against  the  cutter,  on  account  of  the  fact  that  there 
is  no  tendency  for  the  work  to  jump  toward  the  cutter. 

1 9.  Milling:  Work  Witti  a  Hard  Surface.— When 
the  work  to  be  milled  has  a  hard  surface,  as  iron  castings, 
steel  castings,  and  some  forgings,  or  has  a  surface  in  which 
sand  is  embedded,  as  is  the  case  with  brass  and  similar  cast- 
ings that  have  not  been  pickled,  the  consensus  of  opinion 
seems  to  be  that  it  is  better  to  feed  the  work  against  the 
cutter,  since  then  the  cutting  teeth  will  get  in  below  the  hard 
surface,  and,  working  in  the  soft  metal,  will  keep  sharp 
much  longer.  Assume  the  tooth  r,  Fig.  7,  to  be  cutting  and 
the  surface  d  of  the  work  to  be  covered  with  a  hard  scale. 
Then,  it  can  be  seen  that  the  tooth  c  comes  up  from  below 
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the  scale  and  instead  of  cutting  through  it,  will  pry  the 
scale  off  and  crumble  it.  In  this  connection,  it  may  be  well 
to  mention  that  a  prominent  firm  states  as  the  result  of 
experiments,  in  feeding  ivith  the  cutter  and  against  it  when 
milling  iron  castings  having  a  hard  scale,  that  by  feeding 
against  the  cutter,  the  latter  lasted,  without  sharpening, 
eight  times  as  long  on  an  average  as  when  feeding  with 
the  cutter. 

When  the  work  to  be  milled  is  of  uniform  hardness 
throughout,  the  objection  of  dulling  the  cutter  rapidly  by 
feeding  with  it  disappears,  and  just  as  good  work  can  be 
done  by  feeding  with  the  cutter  when  everything  is  properly 
arranged  for  that  system  of  feeding. 


APPLICATION   OF  THE   CUTTER. 

20.  General  Rule.  —  There  is  one  general  rule  in 
regard  to  taking  the  cut  that  applies  to  either  system  of 
feeding.  This  may  be  stated  as  follows:  Always  take  the 
cut  in  such  a  manner  that  the  cutter  cannot  draw  the  work 
toward  itself. 

In  other  words,  whenever  circumstances  permit,  so 
arrange  the  feed  and  machine  that  neither  the  cutter,  work, 
nor  machine  will  be  damaged  by  any  slipping  of  the  work. 

21.  Influence  of  8prin|(. — Fig.  8  is  an  example  that 
brings  out  some  of  the  points  to  be  taken  into  consideration 
in  determining  the  proper  direction  of  the  feed.  In  this 
case,  a  cylindrical  piece  of  work  is  held  in  the  chuck;  it  is 
required  to  cut  a  rectangular  groove,  the  bottom  of  which 
is  shown  by  the  dotted  line  a  across  the  end  of  the  work. 
With  the  cutter  rotating  in  the  direction  of  the  arrow  x, 
and  feeding  in  tlie  direction  of  the  arrow/,  i.  e.,  feeding 
with  the  cutter,  there  will,  obviously,  be  a  tendency  to  draw 
the  work  toward  the  cutter.  Now,  while  it  is  possible  to 
transfer  the  backlash  that  allows  the  work  to  jump  toward 
the  cutter  to  a  [)lace  where  it  will  do  no  harm  by  weighting 
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the  table  back,  it  is  n^t  possible  to  get  rid  of  the  spring 
of  the  work  itself,  and  of  any  spring  that  may  exist  in  the 
index  head  carrying  the  chuck. 

With  the  cutter  rotating  as 
shown  by  the  arrow  x,  it  should, 
in  this  case,  be  to  the  left  of  the 
work,  or  in  the  position  shown 
in  dotted  lines,  and  the  work 
should  be  fed  against  the  cutter, 
as  shown  by  the  arrow  z.  The 
work  will  then  spring  away  from 
the  cutter,  and  there  will  be  no 
danger  of  its  catching  and  break- 
ing the  latter. 

From  this  example,  it  is 
learned  that  the  spring  of  the 
work  and  of  the  attachment  in 
which  it  is  held  must  be  taken 
into  consideration,  and  that  al- 
lowance must  be  made  for  it  in  determining  the  profxrr 
direction  of  feed. 


Vui.  8, 


22«     BxAmple  of  Feeding:  ^"itti  the  Cutter. — (Xjisl- 
sionally  it  is  a  decided  advantage  to  'feed  with  the  cutter 

when  the  machine  can 
l>e  TkVV'jin^tzd  to  allow 
this  to  \h:  done.  Thus, 
for  instance,  consid^rr 
the  piece  a  hbown  \u 
Fig,  *j  to  f>;  held  in  the 
%'jsc  and  resting  on  the 
f/a/'rking-bi'/'k  h.  It  in 
re/iuifrd  to  row^h  th*: 
u:n^r  niirfnf,^,  ^lovn  to 
the  dofv^'I  \\r,*',  \:,',wr. 
Then,  with  the  f:\i\Xfir  revolvrr.g  :r.  the  *\\r*if.\y,':,  '/  \:.*i 
arrow  x  and  feedin;^  :r.  tr.f:  ^'i'^^t-Ior*  of  tr.e  irro ir  /,  • -,♦: 
pressure  of  the  cut  is  niifr.Iy  ^>wnwar'i*..»trMrr*;  'j^i^-'Z,  -o 

5  Vol.  fL—TT. 
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tendency  at  all  to  lift  the  work.     Iniconsequence,  the  work 
will  be  pressed  firmly  against  the  packing-block. 

As  previously  stated,  no  attempt  should  be  made  to  take 
a  cut  in  this  manner  unless  the  machine  is  arranged  to  suit 
this  method  of  feeding,  and  the  work  is  of  uniform  hardness. 


23.  Slipping  of  Worl^. — Fig.  10  is  an  example  show- 
ing that  there  is  occasionally  a  right  and  a  wrong  way  of 
applying  the  cutter  to  the  work,  even  after  the  direction  of 
feed  that  is  considered  proper  has  been  adopted.  In  this 
case,  it  has  been  determined  to  feed  against  the  cutter;  the 
work  a  is  held  between  the  vise  jaws,  as  shown,  and  a  cut 
is  to  be  taken  at  an  angle  other  than  90°  with  the  top 
surface  of  the  work.  This  particular  job  occurs  in  making 
forming  tools  for  fly  cutters  and  formed  milling  cutters. 
The  depth  and  direction  of  the  cut  are  given  by  the  dotted 

line  6,  Now,  with 
the  cutter  above 
the  work  and  rota- 
ting in  the  direction 
of  the  arrow  a\  to 
feed  against  the 
cutter  the  feed 
must  be  as  shown 
by  the  arrow  r. 
While  feeding  in 
this  manner,  as- 
sume that  the  work 
slips,  as  isveryliai)le 
to  hapi)en.  Then,  the  work  will  rotate  about  a  point  some- 
where near  i\  and  the  end  operated  on  wmII  move  in  an  arc 
about  as  {i(\  or  toward  the  cutter.  The  natural  result  of 
this  will  be  that  something  must  give  way,  and  either  the 
cutter  or  the  work,  or  both,  will  be  ruined. 

In  order  to  overcome  the  evil  eflect  of  slipping,  the  cutter 
should,  in  this  case,  commence  to  cut  at  the  bottom ;  it 
should  revolve  in  the  direction  of  the  arrow  ^  and  the  feed- 
ing should  occur  in  the  direction  given  by  the  arrow  j'.     In 


Fig.  10. 
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case  of  slipping,  the  work  will  then  move  away  from  the 
cutter,  and  there  is  little  likelihood  of  its  being  spoiled  by  it. 

24.     The  rectangular  work  a  shown  in   Fig.  11  requires 
a  slot  to  be  cut  in  its  end ;  the  depth  of  the  slot  is  indicated 


by  the  curved  dotted  line  b.  If  the  work  is  at  all  long,  and 
a  horizontal  machine  is  used,  it  will  have  to  be  held  in  the 
vise  so  that  its  surfaces  a'  and  a'  are  in  contact  with  the 
vise  jaws.  So  far  as  the  direction  of  the  feed  is  concerned, 
no  choice  is  possible  in  this  case;  it  must  be  in  the  direction 
indicated  by  the  arrow  y.  Now,  considering  the  direction  of 
rotation  of  the  cutter,  it  may  either  be  as  shown  by  the 
arrow  x  or  the  arrow  :;  (in  the  latter  case  the  cutter  would 
naturally  be  reversed). 

This  is  a  case  of  milling  where  it  is  not  possible  to  over- 
come the  evil  effect  of  slipping  of  the  work,  for,  no  matter 
which  way  the  cutter  rotates,  the  catching  of  the  cutterdue 
to  excessive  feeding  will  not  push  the  work  out  of  the  way, 
but  will  either  lift  up  or  depress  the  end  operated  on.  If 
slipping  occurs,  it  is  preferable  to  have  it  take  place  in  an 
upward  direction;  the  work  will  then  rotate  about  the 
corner  c  of  the  vise  and  the  corner  e  of  the  slot  will  rapidly 
come  clear  of  the  cutter.  In  order  that  slipping  will  take 
place  in  this  manner,  the  cutter  must  revolve  in  the  direc- 
tion of  the  arrow  x.  Now,  assume  that  the  cutter  revolves 
in  the  direction  indicated  by  the  arrow  s.     Then,  should  the 
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work  slip,  its  end  will  rotate  downwards  about  the  corner  d 
vt  the  vise;  that  is,  it  will  be  drawn  in  between  the  viseand 
cutter  with  results  that  are  likely  to  be  disastrous  to  the 
vise,  cutter,  and  work. 

From  the  foregoing  explanations,  the  conclusion  may  be 
drawn  that  when  it  is  not  possible  to  make  the  work  slip 
au-ii}'  from  the  cutter.  It  should  be  the  aim  to  so  arrange 
everything  that  slipping  will  do  the  least  possible  amount 
of  damage. 


SLOTTING   WITH  END  MILLS. 

25*  Coses  Arising  In  Practice. — In  cutting  slots  or 
grooves  with  end  mills,  three  cases  arise  in  practice,  as  fol- 
lows: Cutting  from  the  solid  metal;  finishing  in  one  oper- 
ation two  sides  of  a  slot  that  has  previously  been  roughed 
out;  and  finishing  each  side  of  a  slot  separately, 

26.  Slottlnte  From  Solid  Metal. — When  cutting  a 
slot  or  a  groove  out  of  the  solid  metal,  as  is  shown  in  Pig,  12, 

either  a  right-handed  or  a  left-handed  cutter  may  be  used, 


K:r 


depending  on  which  is  availabl 
in  rcispcct  I"  the  rotation  of  th 
the  manner  in  which  the  cutter  must  tui 
Considering  a  left-handed  cutter,  as  si 


which   : 


The  direction  of  the  feed 
cutter  is  only  influenced  by 
I  in  order  to  cut. 
Fig.  12  00. 


view  looking  totvnrd  the  spindle,  it  can  be  seen 
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that  the  cutter,  which  naturally  has  a  tendency  to  spring 
away  from  the  cut  when  cutting  on  the  side  a,  will  crowd 
upwards,  as  there  is  always  some  spring  to  an  end  mill.  In 
consequence  of  this,  the  slot  or  groove  will  be  slightly  above 
the  position  for  which  the  cutter  is  set.  When  the  cutter 
approaches  the  work  so  that  its  side  b  is  cutting,  the  cutter 
will  crowd  downwards;  the  slot  or  groove  will  then  be  cut 
slightly  below  the  position  of  the  cutter. 

When  a  right-handed  cutter  is  used,  as  shown  in  Fig.  12  (^), 
and  when  feeding  so  that  the  side  a  does  the  cutting,  the 
cutter  will  crowd  downwards.  Should  the  cutter  be  applied, 
however,  in  such  a  manner  that  the  side  b  will  do  the  cut- 
ting, it  will  crowd  upwards.  i 

27.  A  slot  or  groove  cut  from  the  solid  metal  and  not 
finished  any  further  must  not  be  expected  to  be  very  true 
throughout  its  length.  The  reason  for  the  deviations  from 
truth  that  will  be  found  lies  in  the  fact  that  the  metal  op- 
erated on,  no  matter  how  good  it  may  be,  is  neither  perfectly 
homogeneous  nor  of  uniform  hardness.  In  consequence  of 
this,  the  cutter  will  crowd  over  to  a  varying  extent  with  the 
result  that  the  sides  will  not  be  true.  On  account  of  this 
fact,  a  slot  or  a  groove  cut  with  an  end  mill  should  always 
be  finished  by  milling  either  both  sides  simultaneously  after 
roughing  out  or  each  side  separately,  when  a  good  job  is 
desired. 

28«.  Finishing:  Slots  in  One  Operation. — When  both 
sides  of  a  slot  or  groove  are  to  be  finished  simultaneously, 
the  cutter  must  obviously  have  a  diameter  equal  to  the 
finished  width.  In  setting  the  cutter,  the  mistake  of  set- 
ting it  in  such  a  manner  that  it  will  take  cuts  of  equal  depths 
must  not  be  made,  if  good  work  is  desired.  This  mistake  is 
so  common  that  it  has  led  many  persons  to  seriously  doubt 
the  possibility  of  milling  true  and  nicely  finished  slots  and 
grooves  with  an  end  mill. 

29.  Fig.  13  {a)  shows  a  groove  that  is  being  finished  with 
a  left-handed  end  mill  set  central  in  respect  to  the  roughed- 
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out  groove.  In  this  case,  the  feeding  takes  place  in  the 
direction  of  the  arrow  x.  Considering  the  teeth  of  the 
upper  half  of  the  cutter,  it  is  seen  that  the  feeding  is  done 
ag^ainsl  the  cutter;  considering  the  lower  half  of  the  cutter, 
the  feeding  is  seen  to  be  with  the  cutter.  Now,  during 
feeding,  there  will  be,  at  the  bottom,  a  greater  tendency  for 
the  cutter  to  draw  the  work  toward  itself  than  there  will  be 


at  the  top  to  push  the  work  away;  if  the  work  cannot  move, 
the  cutter  will  sjiriiiy  forwards  and  the  consequenre  will  be 
either  brokt'ii  teeth  or  a  rather  rajiged  groove,  in  case  the 
teeth  are  strong  enough  to  stand  the  strain.  When  tlie 
amount  of  metal  removed  is  very  small,  the  evil  effects  nf 
this  manner  <»f  setting  aie  naturally  not  so  pronounced  as 
in  cases  where  a  fairly  heavy  cut  is  taken. 

30.  The  proper  way  of  setting  the  cutter  is  shown  in 
Fig.  i;i  (/').  Hcie  the  ciiUer  is  set  so  that  the  depth  of  cm 
on  the  side  where  ihe  feeding  is  done  against  the  cutter  i^ 
about  twice  as  great  as  on  the  other  side ;  in  consequence  of 
this,  the  tendency  of  ihc  cutter  to  jump  forwards  is  over- 
balanced by  the  resistance  due  to  the  greater  depth  of  cut, 
and  the  result  will  he  a  fairly  smooth  and  true  groove. 

From  the  foregoing  statements,  the  conclusions  are  to  be 
drawn  that  when  a  snio.iih  and  true  groove  or  slot  is  to  be 
finished  on  both  sides  with  an  end  mill,  the  center  of  the 
roughed  groove  or  slot  should  lie  on  that  side  of  the  center 
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of  the  finished  groove  or  slot  where  the  feeding,  while  finish- 
ing it,  will  be  with  the  cutter. 

31.     Finistiiiiflr  Slots  in  Two  Operations. — It  is  the 

opinion  of  many  milling-machine  operators  that  the  best 
results  in  cutting  slots  and  grooves  with  end  mills  can  be 
obtained  by  finishing  each  side  separately;  this  involves 
using  a  milling  cutter  a  little  smaller  than  the  finished  size. 
Whenever  circumstances  permit  .it,  the  roughing  out 
should  be  done  with  a  face  cutter,  which  can  be  crowded 
harder  and  will  cut  faster  than  an  end  mill,  chiefly  by  reason 
of  its  being  more  rigid. 


FBBDING  INTO  CORNERS. 

32*     Undercutting:  of  Face  Cutter. — When  taking  a 

shallow  cut  against  a  high  shoulder,  or  feeding  into  a 
corner,  as  it  is  called,  it  will  be  found,  as  is  shown  in  Fig.  14, 
that  the  curved  shoulder  cut  by  the  cutter,  instead  of  being 
tangent  to  the  bottom  a  of  the  cut,  or  as  shown  by  the  dot- 
ted curve,  falls  below  the  bottom,  being  about  as  is  shown  by 
the  full  curved  line.  The 
reason  for  this  phenomenon 
lies  in  the  fact  that  no  mat- 
ter how  stiff  an  end  cutter 
or  a  cutter  arbor  may  be,  it 
will  still  deflect  to  a  certain 
extent  under  the  action  of  a 
relatively  small  force.  Now, 
in  the  case  of  feeding  into  a 
corner,  the  pressure  on  the 
arbor  due  to  the  cutting  operation  is  about  in  the  direction 
of  the  arrow  x\  that  is,  there  exists  a  tendency  to  draw  the 
cutter  to  the  work,  and  since  the  arbor  can  yield,  the  cutter 
will  be  drawn  in  enough  to  show  distinctly  the  undercutting 
illustrated  in  the  figure. 

This  undercutting  is  least  marked  with  a  low  shoulder, 
but  rapidly  increases  as  the  height  of  the  shoulder  becomes 
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greater.  It  can  be  overcome  to  some  extent  by  using  a 
stiffer  arbor,  or,  if  possible,  by  supporting;  the  arbor  by  an 
outboard  bearing;  the  only  way  in  which  it  can  be  entirely 
overcome,  however,  is  by  taking  the  cutter  slightly  away 
from  the  work,  or  vice  versa,  when  the  shoulder  is  almost 
reached.  This  naturally  calls  for  some  skill  and  judgment 
on  the  part  of  the  operator;  the  exact  amount  that  the 
cutter  and  work  must  be  separated  can  be  determined  only 
by  experiment  in  each  particular  case. 

33.  UadercuttlniE  of  End  Mill. — The  phenomenon 
of  undercutting  manifests  itself  to  a  more  marked  degree  at 

the  termination  of  slots  cut 
with  an  end  mill,  as  shown 
in  Fig.  15.  As  previously 
stated,  the  cutter  shown  will 
crowd  upwards,  and,  hence, 
its  actual  path  will  be  given 
by  a  line,  as  </,  Fig.  15,  while 
b  represents  the  path  of  the 
cutter  for  which  the  machine 
is  set.  When  the  cutter  is  at 
the  termination  of  the  slot,  that  is,  when  the  feed  has  been 
stopped,  it  will  tend  to  spring  back  to  its  normal  position, 
and,  in  consequence,  it  will  cut  under  until  all  spring  is  gone. 
The  undercutting  can  be  minimized,  as  in  the  previous 
case,  and  can  be  largely  prevented  by  a  slight  movement  of 
the  cutter  or  work  in  the  proper  direction  at  the  moment 
the  feed  is  stopped.  For  instance,  if  the  tendency  of  the 
cutter  is  to  go  down,  the  work  should  be  lowered  slightly  or 
the  cutter  raised;  if  the  tendency  of  the  cutter  is  to  go  up, 
the  work  should  be  raised  or  the  cutter  lowered.  The 
exact  amount  of  movement  is  a  matter  of  experiment  and 
judgment  in  any  case. 

34.  Referring  again  to  Fig.  15,  let  the  feed  be  reversed 

when  the  cutter  h;Ls  reached  the  termination  of  the  groove, 
or  slot.  Then,  since  in  this  operation  the  cutter  is  slightly 
below  the  lower  surface,  it  will  cut  it  away  to  some  extent 


§16 


MILLING-MACHINE  WORK. 


21 


when  fed  over  it  again,  thus  widening  the  groove.  From 
this  we  learn  that  a  milling  cutter  used  for  cutting  two 
sides  of  a  groove,  or  slot,  simultaneously,  will,  if  fed  over 
the  work  in  opposite  directions,  cut  a  path  wider  than  its 
own  diameter. 


STARTING   THB  CUT. 

35.  After  the  machine  has  been  adjusted  so  that  the 
cutter  will  take  the  desired  depth  of  cut,  the  machine  is 
started  and  the  cutter  is  brought  almost  in  contact  with  the 
edge  of  the  work.  The  cut  is  then  started  either  by  throw- 
ing in  the  automatic  feed  or  by  careful  feeding  by  hand. 
On  the  whole,  the  method  of  starting  the  cut  by  means  of 
the  automatic  feed  is  considered  preferable,  as  there  are  less 
chances  for  an  accident  to  occur.  When  a  cut  is  started  by 
hand,  any  carelessness  may  result  in  pushing  the  work  in 
deeply  between  two  teeth   of  the   revolving   cutter,  as   is 
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shown  in  Fig.  16  {a),  with  the  result  that  the  cutter  will  be 
broken,  or  the  work  spoiled,  or  both.  But,  if  the  automatic 
feed  is  used,  or  very  careful  hand  feeding  equivalent  to 
automatic  feeding  is  done,  the  teeth  of  the  cutter  will 
approach  the  work  gradually  and  take  successive,  easy 
cuts,  as  shown  in  Fig.  IG  (d),  without  undue  straining  of 
the  cutter  and  the  work.  Since  even  very  careful  hand 
feeding  will  never  be  as  uniform  as  automatic  feeding,  the 
latter  is  preferable  whenever  circumstances  permit  it  to  be 
used. 
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RUNNING  OUT  THB  CUT. 

36.  When  a  heavy  cut  is  run  over  a  piece  of  relatively 
brittle  metal,  as  cast  iron,  it  will  be  noticed  that  where  the 
cut  runs  out,  the  edge  will  be  broken  to  a  considerable 
extent,  especially  when  a  rather  wide  straight-tooth  cutter 
is  used.  This  chipping  can  be  reduced  to  a  minimum  by 
beveling  the  edge  where  the  cut  runs  out  to  an  angle  of 
about  45°,  just  as  is  done  in  planer  and  shaper  work. 


REVOLUTION    MARK  AND  BRACING. 

37.  Cause  of  Revolution  Marks. — When  a  milled 
surface  is  carefully  examined,  it  will  be  found  to  have  a  wavy 
appearance,  with  what  might  be  called  the  ** crest"  of  the 
waves  recurring  at  regular  intervals.  It  has  been  noticed 
that  the  distance  between  the  crests  is  generally  equal  to 
the  traverse  of  the  work  for  one  revolution  of  the  cutter; 
on  account  of  this  fact,  the  general  name  of  revolution 
fTiarl<:H  is  applied  to  the  collection  of  marks  distinctly  due 
to  the  milling  operation. 

Revolution  marks  are  due  to  one  or  more,  or,  perhaps, 
all  of  several  causes,  as  follows:  a  cutter  that  does  not  run 
absolutely  true,  a  yielding  machine,  springy  work,  and  the 
use  of  too  light  an  arbor. 

38.  The  width  of  each  revolution  mark  seems  to  depend 
entirely  on  the  amount  of  feed  per  revolution;  from  this  it 
follows  that  cutting  down  the  feed  will  cause  smoother 
milling.  In  case  the  feed  is  cut  down,  the  speed  of  the 
cutter  may  be  increased.  The  depth  of  the  revolution 
marks  depends  on  the  amount  of  vibration  existing,  and  as 
the  vibration  is  chiefly  due  to  the  fact  that  the  cutter  does 
not  run  absolutely  true,  an  attempt  to  reduce  the  depth 
should  commence  with  truing  the  cutter.  This  should  be 
followed  by  supporting  the  cutter,  whenever  circumstances 
permit,  i)y  means  of  an   outboard  bearing,  which  in  turn 
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should  be  rigidly  braced  after  the  machine  has  been  set  for 
the  correct  depth  of  cut. 


:  /Sk 


39«  Bracins. —  Most  modern  machines  are  supplied 
with  braces  that  will  tie  the  outboard  bearing  either  directly 
to  the  frame  or  to  some  machine  part 
that  in  turn  can  be  clamped  to  the  frame. 
Most  commonly,  two  slotted  braces  are 
pivoted  to  the  knee;  a  clamping  bolt 
then  passes  through  the  slots  of  the 
braces  and  ties  them  to  the  outboard 
bearing. 

Fig.  17  is  a  less  common  design  in- 
tended for  a  horizontal  machine.  The 
brace  is  an  iron  casting;  a  hole  a  is 
bored  at  the  top  to  fit  a  projecting 
shoulder  of  the  outboard  bearing,  to 
which  it  can  be  clamped  by  means  of  the 
bolt  i.  Stud  bolts  are  screwed  into  the 
face  of  the  knee  and  pass  through  the 
slots  c  and  d;  the  studs  carry  nuts  and  washers  and  are  used 
for  clamping  the  brace  to  the  knee.  The  slots  in  the  brace 
allow  the  knee  to  be  adjusted  for  height. 


Fig.  17. 


40«  Reduction  of  Revolution  Maries. — While  the 
revolution  marks  can  be  cut  down  to  a  minimum  by  a  true- 
running  cutter,  well-supported  work,  and  a  properly  braced 
machine,  they  will  never  entirely  disappear,  for  no  matter 
how  well  the  bracing  is  done  and  how  stiff  the  machine, 
there  will  still  be  some  vibration.  Furthermore,  no  matter 
how  true  a  cutter  is  ground,  it  will  not  stay  true.  It  is  a 
practical  impossibility  to  harden  a  cutter  so  that  all  of  its 
teeth  will  be  of  exactly  the  same  hardness;  consequently, 
the  softer  teeth  will  wear  down  faster  than  the  hard  ones 
and,  hence,  the  cutter  will  soon  run  slightly  out  of  true. 
To  sum  up:  The  revolution  marks  can  he  decreased  by  a 
fine  feed,  a  true-running  and  well-supported  cutter,  prop- 
erly blocked  up  work,  and  a  rigid,  well-braced  machine. 
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SETTING  THE  MACHINE. 


ADJUSTMENT  OP  SPEED  AND  FEED. 

41.  Definition.  —  Under  the  general  appellation  of 
setting  tlie macliine  is  included  the  selection  of  a  proper 
cutting  speed  and  feed,  and  arranging  the  machine  for 
them ;  setting  the  cutter  or  cutters  for  depth,  sidewise,  and 
for  width  of  cut;  and  adjusting  the  automatic  feed  to  trip 
at  the  required  point. 

42.  Adjusting  tlie  Speed. — After  a  cutting  feed  and 
speed  as  directed  by  judgment  have  been  selected,  the 
driving  belt  and  feed  belt  are  placed  on  the  proper  steps  of 
their  respective  cone  pulleys.  The  determination  of  the 
proper  step  to  use  is  a  very  simple  matter  when  the  number 
of  revolutions  that  the  milling-machine  spindle  makes  with 
the  driving  belt  on  the  different  steps  is  known.  This  is 
found  quickest  by  actually  counting  for  1  minute,  using  a 
revolution  indicator  for  this  purpose.  Then,  to  find  what 
number  of  revolutions  corresponds  to  a  given  surface  speed 
of  the  cutter,  either  refer  to  the  tables  given  at  the  end  of 
Milliug-MacJiiiie  Work,,  Part  1,  or  use  the   following  rule: 

Rule. — Divide  12  times  the  cut  titij^  speed  in  feet  per  minute 
by  the  circumferenee  of  the  cutter  in  incites. 

The  correct  number  of  revolutions  having  been  found, 
place  the  belt  on  the  step  that  will  give  the  nearest  number 
of  revolutions. 

ICxAMi'LK. — With  the  belt  on  the  smallest  step  of  the  cone  pulley, 
the  spindle  makes  J^O")  revolutions;  with  the  belt  on  the  second  step,  it 
makes  17H  revolutions;  with  the  belt  on  the  third  step,  110  revolutions; 
and  witii  the  belt  on  the  largest  step,  (>H  revolutions.  What  step  would 
be  selected  to  p^ive  approximately  a  cutting  speed  of  HO  feet  per  minute 
to  a  cutter  JU  inches  in  diameter  ? 

Solution. — The  circumference  of  the  cutter  is  'U  X  3.1416  =  10.9956, 
say  11  inches.     Applying  the  rule,  we  get 

^       —  =  87  revolutions,  nearly. 
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Usingf  the  largest  step,  the  cutting  speed  will  be  lower  than  desired ; 
using  the  third  step  it  will  be  higher.  Generally,  it  is  desirable  to  start 
in  with  the  lower  speed  and  watch  results ;  hence,  most  operators  would 
place  the  belt  on  the  largest  step.     Ans. 

In  actual  practice,  an  experienced  operator  will  rarely 
stop  to  calculate  the  proper  number  of  revolutions;  his  past 
experience  will  tell  him,  as  soon  as  he  sees  the  material  and 
the  depth  of  cut  to  be  taken,  on  what  steps  to  place  the 
driving  belt  and  feed  belt.  A  careful  operator,  no  matter 
how  extensive  his  experience  has  been,  should  make  it  a  rule 
to  verify  the  accuracy  of  his  judgment  occasionally  by  cal- 
culation. 

43*  Adjustlns  tlie  Feed. — The  arrangement  of  the 
feed  mechanism  differs  so  much  in  the  various  makes  of 
milling  machines  that  no  specific  rules  for  calculating  the 
feed  of  the  table  per  minute  can  be  given.  Nearly  all  mod- 
ern milling  machines  use  a  screw  for  feeding  the  table;  with 
all  such  machines,  the  feed  per  minute  may  be  readily  cal- 
culated by  the  following  general  rule: 

Rule. — Observe  the  number  of  revolutions  that  the  spindle 
must  make  to  produce  one  revolution  of  the  feed-screw^  and 
divide  by  it  the  product  of  the  lead  of  the  feed-screw  and  the 
revolutions  of  the  spindle  per  minute. 

Example. — In  a  certain  make  of  machine,  the  spindle  must  make 
2  revolutions  to  produce  1  revolution  of  the  feed-screw.  The  lead  of 
the  feed-screw  being  ^  inch,  what  is  the  feed  per  minute  at  32  revolu- 
tions of  the  spindle  ? 

Solution. — Applying  the  rule  just  given,  we  get 

^,  *     =  4  inches.     Ans. 

44*  Construction  of  Feed  Tables.  —  In  practice  it 
will,  as  a  general  rule,  be  found  that  the  countershaft  to 
which  the  machine  is  belted  runs  practically  at  a  constant 
speed,  so  that  the  number  of  revolutions  per  minute  of  the 
spindle  will  remain  constant  for  each  speed;  that  is,  if  the 
spindle  makes,  say,  32  revolutions  with  the  belt  on  the 
largest  step,  it  can  safely  be  assumed  that  it  will  make  very 
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nearly  that  number  of  revolutions  whenever  the  belt  is 
placed  on  the  largest  step.  This  fact  makes  it  possible  to 
construct  an  exceedingly  convenient  table  of  feeds  per  min- 
ute at  the  different  speeds  with  all  the  different  changes  of 
feed  that  are  possible. 

In  the  first  place,  observe  how  many  revolutions  of  the 
spindle  will  be  required  for  1  revolution  of  the  feed-screw 
with  each  change  of  feed;  then  apply  the  rule  given  in 
Art.  43  to  each  speed  of  spindle  and  feed-change  combina- 
tion that  is  possible,  and  tabulate  the  result  for  future  ref- 
erence. 

45*  Sibils  of  Excessive  Speed  and  Feed.  —  After 
the  machine  is  started,  watch  the  cutter  to  see  that  the 
speed  is  suitable,  and  watch  the  driving  belt  and  feed  belt 
to  determine  an  excessive  feed.  Too  high  a  cutting  speed 
will  manifest  itself  by  a  rapid  dulling  of  the  cutting  edges 
and,  subsequently,  a  peculiar  squeaking  sound ;  an  excessive 
feed  results  in  a  slipping  of  the  driving  belt  or  the  feed  belt, 
or  both,  and  causes  a  shrill  squeak  to  emanate  from  the  belt. 
In  extreme  cases,  one  or  both  of  the  belts  may  run  off  the 
pulley. 


SKTTING  THK  CI.TTTER. 

46.  Setting  for  Depth.  —  The  machine  can  be  ad- 
justed lo  the  correct  depth  of  cut  in  two  ways,  which  are  by 
trial  and  by  incasurtmciit.  In  an  adjustment  by  trial,  the 
cutter  is  set  to  about  the  correct  depth  and  a  cut  is  taken. 
Aecordinjif  to  circumstances,  either  the  depth  of  the  cut  or 
the  machined  work  is  then  gauged  by  gauges  of  suitable 
form,  and  the  setting  and  taking  of  a  cut  is  repeated  until 
the  work  tits  the  gauge.  The  gauging  device  may  be  any 
suitable  measuring  instrument  or  a  special  gauge  made  for 
the  purpose;  duplicate  work  is  milled  almost  entirely  to  limit 
gauges.  When  the  work  has  rather  an  intricate  form,  set- 
ting the  machine  by  trial  is,  as  a  general  rule,  the  only 
method  that  can  be  employed,  although  in  isolated  cases  it 
may  be  possible  to  use  the  direct-measurement  method. 
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47.  When  about  to  set  a  cutter  for  depth  by  measure- 
ment, the  machine  may  be  started  and  the  work  and  cutter 
carefully  brought  together  until  the  cutter  very  lightly 
touches  the  work.  Then,  by  observing  the  indication  of  the 
graduated  dials  reading  to  f-^^  inch,  with  which  the  feed- 
screws of  the  better  kind  of  milling  machines  are  supplied, 
and  which  transform  these  screws  into  micrometer  screws, 
the  work  and  cutter  are  brought  together  an  amount  equal 
to  the  depth  of  cut  required. 

The  reading  of  the  dial  is  taken  when  the  cutter  is  just 
touching  the  surface  of  the  work;  the  required  depth  of  cut 
is  then  added  to,  or  subtracted  from,  this  reading  and  the 
machine  is  set  to  the  calculated  new  reading.  It  will  be 
understood  that  before  the  depth  of  cut  is  adjusted,  the  work 
is  run  clear  of  the  cutter.  The  micrometer  graduations  are, 
also,  Very  useful  for  adjustment  by  gauging,  since  they  allow 
the  depth  of  cut  to  be  increased  by  a  definite  amount.  For 
instance,  if  the  measurement  of  a  piece  of  work  shows  it  to 
be  -nnnr  ^^^^  ^^^  thick,  the  graduations  allow  the  work  to  be 
raised,  or  the  cutter  to  be  lowered,  by  just  that  amount. 
Care  must  be  taken  to  see  that  all  the  lost  motion  in  the 
feed  mechanism  is  taken  up  before  bringing  the  work  in 
contact  with  the  cutter. 

48.  In  many  cases,  in  setting  the  machine  for  depth  of 
cut,  it  is  not  possible  to  measure  from  the  surface  to  be 
machined,  owing  to  its  being  rough  and  uneven.  In  most 
cases  there  is  some  finished  surface  parallel  to  the  proposed 
cut  in  contact  either  with  the  bottom  of  the  vise,  or  the 
surface  of  the  milling  machine,  or  of  an  angle  plate,  or  of 
some  special  fixture  from  which  measurements  can  be  taken 
to  the  cutter.  Then,  the  cutter  may  be  set  for  depth  by 
testing  with  a  scale,  or  with  a  surface  gauge,  or  a  height 
gauge,  or  some  similar  convenient  device,  measuring  from 
the  finished  surface. 

49.  Fig.  18  shows  how  a  surface  gauge  may  be  used  for 
testing  the  setting  of  the  cutter.  In  this  case,  a  face  cutter 
is  employed :  the  problem  is  to  set  it  so  that  the  work  a, 
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when  finished,  will  be  a  certain  height.  The  pointer  /  of 
the  surface  gauge  may  be  set  by  the  aid  of  a  steel  rule  to  the 
given  height  above  the  surface  of  the  milling-machine  table, 
and  then  used  for  testing  the  height  of  the  cutter.  To  do 
this,  the  cutter  should  be  placed  in  such  a  position  that  a 


Fig.  18. 

line  drawn  through  one  of  its  cutting  edges  and  the  center 
of  the  cutter  is  at  right  angles  to  the  surface  of  the  table. 
Now  place  the  pointer  of  the  gauge  beneath  the  cutting 
edge  selected,  and  raise  the  table,  or  lower  the  cutter,  until 
the  cutting  edge  and  the  pointer  touch.  The  cutter  is  then 
set  correctly. 

50.  When  a  surface  gauge  is  not  available,  and  a  steel 
rule  cannot  be  used  by  reason  of  the  interference  of  the 
arbor,  a  pair  of  inside  calipers  may  be  set  to  the  given  height 
and  used  for  testing.  Owing  to  the  difficulty  of  holding 
thcin  exactly  at  right  angles  to  the  surface  measured  from, 
calipcring  cannot  be  recommended  as  a  particularly  accurate 
method  of  testing.     On  the  other  hand,  it  is  convenient. 

51.  The  special  surface  gauge  shown  in  Fig.  19  (a)  will 
be  found  of  advantage  for  machines  that  have  no  graduated 
dials,  and  when  a  cutter  is  to  be  set  for  a  given  depth  of  cut. 
The  surface  gauge  differs  from  the  ordinary  one  in  that  it 
carries  two  heads  and  pointers.  In  use,  the  pointer  /  is  set 
to  touch   the  surface  of   the  work;    the   pointer  ^    is  now 
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adjusted  until  the  distance  between  it  and  the  pointer  /  is 
equal  to  the  required  depth  of  cut,  when/  is  swung  up  out 
of  the  way  and  q  is  used  for  testing  the  setting  of  the  cutter, 
as  shown  in  Fig.  19  (b). 
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Fig.  19. 


52.  A  careful  operator  will  always  gauge  the  setting  of 
the  cutter  as  soon  as  it  cuts  the  full  depth  for  which  it  is  set, 
in  order  to  make  sure  of  the  setting.  Whenever  this  is  done, 
it  is  advisable  to  stop  the  machine  to  prevent  any  accident 
during  gauging. 

53.  In  work  done  between  index  centers,  it  often  occurs 
that  the  bottom  of  the  cut  must  be  at  an  exact  distance  from 
the  axis  of  the  work.  In  this  case,  the  cutter  may  first  be 
set  to  touch  the  work,  and  then  set  to  a  depth  equal  to  the 
difference  between  the  radius  of  the  work  and  the  required 
distance  from  the  center. 

54.  In  some  instances,  a  little  calculation  will  be  required 
in  order  to  obtain  the  correct  distance  from  the  axis  from 
which  to  compute  the  correct  depth  of  cut.  For  instance, 
as.sume  that  a  gear  is  to  be  cut  with  a  cutter  that  requires 
to  be  sunk  in  to  a  depth  of  .27  inch  when  the  diameter  of 
the  gear  blank  is  exactly  5.25  inches.  On  measuring  the 
gear  blank,  it  is  found  to  be  only  5.23  inches;  it  is  required 
to  find  the  depth  to  which  the  cutter  is  to  be  set  in  order  to 
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preserve  the  correct  distance  of  the  bottom  of  the  cut  from 


the  axis.     The  correct  distance,   evidently,   is 


5.25 
2 


-  .27 


=  2.355  inches.     The   radius  of   the   actual  gear  blank  is 

5  23 

-^  =  2.615  inches.     Then,  the  depth  of  the  cut  for  which 

the  machine  is  to  be  set  is  2.015  —  2.355  =  .20  inch. 

55*  Setting:  the  Cutter  Sidewlse.  —  In  setting  a 
cutter  sidewise,  several  cases  occur  in  practice,  the  most 
common  of  which  are:  the  cutter  is  wider  than  the  work, 
and  the  cut  is  to  be  taken  over  the  whole  surface;  the  cut- 
ting is  to  be  done  to  a  shoulder  in  a  plane  at  right  angles 
to  the  axis  of  rotation  of  the  cutter;  and  the  cutter  is  to  be 
set  centrally  to  a  vertical  or  horizontal  plane  passing  through 
the  index  centers  or  index-head  spindle. 

Considering  the  first  case  mentioned,  the  cutter  can  in 
nearly  all  cases  be  set  sidewise  by  eye  alone,  and,  hence, 
no  special  directions  are  required.     Taking  up  the  second 

case,  the  cutter  may  be 
set  correctly  by  trial 
(this  chiefly  occurs  in 
duplicate  work  of  intri- 
cate shape)  or  by  meas- 
urement. As  a  general 
rule,  the  distance  of  the 
shoulder  from  some 
edge  of  ihe  work  is 
either  accurately  or  approximately  known,  and  the  cutter 
can  be  quite  accurately  set  by  measurement,  gauging  after 
the  cut  has  been  taken.  In  setting  by  measurement,  a  steel 
rule  may  be  applied  as  shown  in  Fig.  20,  where  the  dotted 
lines  show  the  depth  and  location  of  the  cut  to  be  taken 
over  the  work  a. 
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Fig.  ao. 


56.     Setting:  the  Cutter  Central  and  Off  Center. 

A  cutter  may  be  set  central,  in  respect  to  work  held  between 
centers,  in  several  ways.  A  very  simple  way  often  used  in 
horizontal   machines  is  shown  in  Fig.   21;  the  accuracy  of 
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the  setting  attainable  by  this  method  depends,  primarily,  on 
the  vertical  line  of  motion  of  the  work  or  cutter  being 
exactly  at  right  angles  to  the  surface  of  the  milling-machine 
table. 

The  work  is  placed  between  the  centers  or  in  the  chuck, 
and  a  try  square  c  is  then  set  on  the  table  with  its  blade  in 
contact  with  the  work.  In  the  case  of  a  symmetrical  cut- 
ter, as  a  gear  cutter  or  double-angle  cutter  with  equal 
angles,  the  distance  a  is  then  measured.  The  try  square  is 
next  placed  on  the 
other  side  of  the  work, 
into  the  position 
shown  in  dotted  lines, 
and  the  distance  a'  is 
measured.  The  differ- 
ence in  the  measure- 
ments a  and  a'  shows 
which  way  the  cutter 
or  work  is  to  be 
moved ;  the  amount 
that  it  is  to  be  moved 
is  equal  to  half  the 
difference.  In  the 
case  of  cutters  that 
are  not  symmetrical, 
there  is  always  some  well-defined  edge  that  is  to  be  set 
central;  in  such  a  case,  the  measurement  b  is  taken  and 
compared  with  b\  If  the  table  is  arranged  to  swivel,  it 
should  be  set  to  zero  before  setting  the  cutter. 

57»  Double-angle  cutlers  with  unequal  angles  often 
require  to  be  set  a  given  amount  off  center.  To  do  this, 
set  the  cutter  central  and  then  move  the  work  or  the  cut- 
ter sidewise  by  the  amount  required,  using  either  a  steel 
rule  and  measuring  from  the  blade  of  a  try  square  or  the 
graduated  feed-s^rew  dial,  if  one  is  available. 

58«  A  rough-and-ready  way  of  testing  the  central  set- 
ting of  a  cutter  in  a  horizontal  machine  is  to  test  by  means 
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of  one  of  the  index  centers.  The  table  having  been  set  to 
zero,  i.  e. ,  so  that  the  line  of  motion  is  at  right  angles 
to  the  axis  of  rotation  of  the  cutter,  the  knee  is  raised  until 
the  center  used  for  testing  is  about  on  the  same  level  as  the 
cutter.  The  milling-machine  table  is  now  shifted  until  the 
part  of  the  cutter  that  is  required  to  be  central  is  in  the  ver- 
tical plane  of  the  index  centers,  as  near  as  can  be  judged  by 
eye.  While  this  method  of  setting  is  nut  the  most  accurate 
one  that  can  be  devised,  it  will  be  sufficiently  accurate  for 
the  greater  part  of  the  work  that  is  to  be  done. 

59.  Another  fairly  accurate  way  of  testing  the  setting 
is  shown  in  Fig.  H,  which  is  a  top  view.  The  work  a  is 
placed  between  the  centers  and  the  cutler  and  work  are 
brought  together  until  they  touch  slightly.  The  cutter, 
while  revolving,  is  then 
fed  across  the  work,  or 
vice  versa,  in  the  direc- 
tion of  the  axis  of  the 
cutter,  thus  cutting  out 
a  -small  elliptical  spot  6. 
The  cutter  is  now  set 
itral  with  this  spot  by 
eye.  If  the  work  runs 
very  true,  tins  method 
is  as  accurate  as  the  one 
previimsly  described. 

60.     One  of  the  ni<)st 

accurate  methods  of 
testing  the  central  set- 
ting of  a  cutter  for  work 
helil  in  the  chuck,  and, 
alsd,  for  work  held  be- 
tween centers  that  are 
properly  in  line,  is  shown  in  Fig,  ••'■).  Any  suitable  piece  of 
metal  is  held  in  the  chuck  and  a  cut  taken  across  the  face 
of  it,  as  the  cut  a,  Fig.  i'.i.  Tlie  testing  piece  is  then 
revolved  exactly  one-half  a  revolution  and  another  cut  taken 
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without  having  disturbed  the  setting  of  the  cutter.  Then 
if  the  last  cut  does  not  exactly  coincide  with  the  first,  it 
shows  the  cutter  to  be  off  center;  in  extreme  cases,  two 
distinct  grooves,  as  a  and  a',  may  be  cut. 

61.  When  an  end  mill  is  to  be  set  central  to  work  held 
between  centers,  either  in  a  horizontal  or  a  vertical  machine, 
the  problem,  in  reality,  is  to  make  the  axis  of  rotation  of 
the  work  and  cutter  intersect.  The  machine  may  be  set 
correctly  by  placing  a  true-running  milling-machine  arbor « 


in  contact  either  with  the  work  b  or  with  a  true-running 
mandrel  placed  between  the  centers,  as  shown  in  Fig.  24, 
using  a  piece  of  thin  tissue  paper  as  a  feeling  piece.  Re- 
move the  arbor  and  then  shift  the  table  or  the  spindle  an 
amount  equal  to  the  sum  of  the  radii  of  the  work,  or  man- 
drel, and  the  arbor. 

If  this  method  of  setting  is  used  in  a  horizontal  machine, 
the  centers  must  be  parallel  to  the  line  of  motion  in  a  hori- 
zontal plane.  For  a  vertical  machine,  the  centers  must  be 
in  a  vertical  plane  parallel  to  the  line  of  motion.  When  the 
work  is  conical,  it  is  recommended  to  substitute  a  cylindri- 
cal mandrel  for  it  when  setting  the  machine. 

62.  In  vertical  machines,  the  central  setting  of  an  end 
mill  may  also  be  tested  by  placing  a  try  square  on  the 
table  with  its  blade  against  the  work,  using  it  to  measure 
from  to  the  cutter  and  then  placing  it  on  the  opposite  side 
of  the  work  and  repeating  the  measurement. 

63.  In  a  vertical  machine,  any  cutter  placed  on  an 
arbor  when  applied  to  work  held  between  the  centers,  is,  as 
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a  general  rule,  applied  on  the  side.  The  central  setting  of 
such  a  cutter  may  be  tested  by  taking  cuts  across  the  face 
of  a  piece  held  in  the  chuck,  as  was  explained  in  conjunc- 
tion with  Fig.  23,  Art.  60.  Another  method  is  to  line  the 
cutter  by  one  of  the  centers,  just  as  is  done  in  a  horizontal 
milling  machine.  A  third  and  very  convenient  method  is 
to  measure  the  height  of  the  index  centers  above  the 
milling-machine  table  while  they  are  in  a  horizontal  plane 
parallel  to  the  line  of  motion.  A  graduated  square,  or  a  try 
square  with  a  steel  rule  held  against  it,  may  then  be  applied 
directly  to  the  cutter. 

64.  AOJuHtlns:  Straddle  Mills  for  Width.— The 
distance  between  the  sides  of  a  pair  of  straddle  mills  is 
adjusted  by  means  of  washers.  Where  rather  delicate  ad- 
justment for  width  is  required,  paper  washers  of  different 
thickness  may  be  used  to  good  advantage.  Good  thick- 
nesses to  have  handy  are  .001  inch  (very  thin  tissue  paper); 
.002  inch  (fine  writing  paper);  .004:  inch  (heavy  writing 
paper);  and  .008  inch  (medium  heavy  manila  wrapping 
paper).  In  addition,  sheet-brass  or  sheet-steel  washers  .016 
inch  and  .032  inch  thick  will  be  found  convenient.  In 
some  shops,  sheet-steel  washers  are  used  exclusively;  thin 
sheet  steel  rolled  very  exactly  to  size  may  now  be  obtained 
in  thicknesses  from  .002  inch  up.  The  final  adjustment  for 
width  of  cut  for  straddle  mills  must  be  made  by  trial  when- 
ever the  limit  of  variation  is  very  small;  that  is,  after  setting 
the  cutters  as  accurately  as  possible,  a  cut  is  taken  and  the 
width  measured.  The  distance  between  the  cutters  is  then 
adjusted  in  the  direction  indicated  by  the  meastirement. 

B5-  ArranKinK  Gani^  Mills. — In  assembling  a  gang 
of  mills  on  an  arbor,  it  is  advisable  to  place  them  in  such 
relation  to  one  another  that  adjacent  cutting  edges  will  not 
lie  in  the  same  plane.  If  so  placed,  the  width  of  the  cut 
will  not  be  excessive,  and  the  effect  will  be  almost  the  same 
as  that  of  a  cutter  with  helical  cutting  edges;  that  is,  the 
intensity  of  the  shock  due  to  a  cutting  edge  engaging  the 
work  is  greatly  reduced. 
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ADJUSTING  THB  AUTOMATIC  PEED. 

66.  On  all  modern  machines  that  are  provided  with  an 
automatic  feed,  a  tappet  is  fitted  that  may  be  adjusted  to 
trip  (stop)  the  feed  at  any  place  within  the  range  of  motion 
of  the  table.  The  easiest  way  of  finding  the  correct  posi- 
tion of  the  tappet  is  to  run  the  table  into  a  position  where 
the  cutter  just  clears  the  work.  The  machine  standing 
still,  the  feed  is  tripped  by  hand  by  pushing  over  the  part 
engaged  by  the  tappet;  the  latter  is  then  brought  against 
the  part  mentioned  and  locked  to  the  table. 


SPECIAL  USES  OF  THE  MILLING  MACHINE. 

67.  Special  Offeratlens. — In  addition  to  its  legiti- 
mate function,  many  designs  of  milling  machines  may  be 
used  occasionally  for  other  work,  such  as  drilling,  boring, 
turning,  and  graduating.  In  some  cases,  the  milling  ma- 
chine may  be  used  to  advantage  for  these  special  operations; 
as  a  general  rule,  however,  it  will  be  more  economical  to  use 
a  machine  primarily  built  for  the  purpose.  Thus,  while  it 
is  possible  to  do  quite  a  variety  of  turning  in  some  milling 
machines,  even  at  the  best  such  a  machine  will  only  be  a 
makeshift  for  a  lathe. 

68.  Drilling:. — The  kind  of  drilling  for  which  a  milling 
machine  can  be  used  to  advantage  is  index  drilling;  that  is, 
the  drilling  of  holes  properly  spaced  by  the  aid  of  the  index 
head.  The  work  is  then  mounted  on  the  face  plate,  or  held 
in  the  chuck,  or  attached  in  some  other  suitable  manner  to 
the  index  head,  which  is  placed  so  that  the  axis  of  its 
spindle  is  in  the  same  plane  as  the  milling-machine  spindle. 
The  drill  used  is  held  in  a  chuck  attached  to  the  milling- 
machine  spindle ;  it  should  project  as  little  from  the  chuck 
as  circumstances  permit.  In  some  cases,  it  is  possible  to 
utilize  the  outboard  bearing  for  steadying  a  long  drill  by 
placing  a  steadying  bushing  that  closely  fits  the  drill  into 
the  bearing  and  adjusting  the  latter  so  that  it  will  be  close  to 
the  work. 
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69.  When  accurate  spacing  is  required,  the  drill  should 
be  followed  by  a  reamer  made  in  the  general  form  of  a 
chucking  reamer,  but  with  about  twice  the  clearance  in 
order  to  prevent  it,  as  much  as  possible,  from  following  a 
hole  that  has  been  drilled  out  of  line. 

70.  The  feeding,  in  drilling,  is  done  by  moving  the 
table,  and,  hence,  the  attached  work  toward  the  drill. 
When  all  the  holes  are  to  be  drilled  to  the  same  depth,  the 
stop  may  be  used,  if  one  is  provided ;  otherwise,  the  grad- 
uated dial  may  be  employed  to  indicate  when  the  correct 
depth  has  been  reached. 

71.  In  making  drill  jigs,  the  milling  machine  may 
occasionally  be  used  to  advantage  for  spacing  the  holes  cor- 
rectly, using  the  graduated  dials  to  indicate  the  spacing. 
The  accuracy  within  which  the  holes  will  then  be  located  will 
depend  primarily  on  the  accuracy  of  lead  of  the  different  feed- 
screws, and,  also,  on  the  skill  used  in  reaming  or  boring  the 
holes. 

72-  Boring. — A  cored  or  drilled  hole  may  be  finished 
by  boring  with  a  regular  boring  bar  and  cutter,  using  the 
outboard  bearing  for  supporting  the  bar,  in  case  it  is  rather 
long.  The  methods  of  holding  the  work  and  lining  it  up, 
and,  also,  o{  taking  the  cut,  are  exactly  the  same  as  are 
used  in  a  regular  boring  madiine,  except  that,  as  a  general 
rule,  the  feeding  will  have  to  be  done  by  hand,  since  very 
few  milling):  machines  have  an  aut(^matic  feed  in  the  direc- 
tion  of  the  spindle. 

In  machines  in  which  the  table  can  be  swiveled  so  that  its 
line  of  motion  will  be  in  the  same  {)lane  as  the  axis  of  the 
milling-machine  spindle,  quite  a  long  hole  can  be  finished  by 
boring,  and,  in  that  case,  the  regular  automatic  feed  can 
generally  be  used. 

73.  Turning. — Once  in  a  while,  a  job  will  turn  up 
that  makes  it  desirable  to  turn  some  part  of  it  in  the  milling 
machine.     In  that  case,  the  turning  tool  is  held  in  the  vise 
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and  the  work  is  attached  to  the  milling-machine  spindle; 
the  machine  is  then  used  as  if  it  were  a  lathe. 

74.  Graduating. — A  universal  milling  machine  having 
graduated  dials  reading  to  -njVir  ^"^h  can  be  used  for  a  good 
many  jobs  of  graduating,  either  on  straight  or  curved 
surfaces. 

For  graduating  straight  surfaces,  as  rules,  for  instance, 
the  divisions  are  obtained  by  means  of  the  feed-screws,  and 
the  length  of  the  graduation  lines  by  means  of  one  of  the 
other  feed-screws  at  right  angles  to  the  first.  A  good  way 
of  procedure  is  to  cut  all  the  longest  graduation  lines  first, 
using  a  stop  to  insure  that  all  are  of  the  same  length ;  then 
cut  the  next  shorter  lines,  and  so  on. 

75.  There  are  two  general  methods  of  marking  gradua- 
tion lines  on  work,  which  are  the  cutting  method  and  the 
squeezing  method.  For  cutting  coarse  graduations,  a 
double-angle  cutter  may  be  employed ;  for  fine  graduation 
lines  a  single-pointed  tool  is  clamped  to  the  spindle  and  used 
as  a  planer  tool,  traversing  the  work  beneath  it.  The  spin- 
dle, in  that  case,  is  prevented  from  turning  by  blocking  it 
in  any  suitable  manner.  The  objection  to  cutting  gradua- 
tion lines  by  planing  is  that  the  cut  is  comparatively  rough 
on  account  of  the  rapid  dulling  of  the  tool  that  is  induced 
by  the  dragging  of  the  cutting  point  during  what  may  be 
called  the  return  stroke.  This  dragging  can  be  overcome 
by  placing  the  tool  into  a  clapper  as  used  on  a  planer;  this 
allows  the  tool  point  to  swing  away  from  the  work,  thus 
preserving  the  point  longer. 

In  regular  dividing  engines,  a  diamond  is  generally  used 
for  cutting  graduation  lines;  in  that  case,  there  will  be  no 
perceptible  wear  of  the  tool  point  with  any  reasonable  use, 
and  very  fine  graduation  lines  can  be  cut. 

76.  For  the  ordinary  graduating  work  that  a  machinist 
is  likely  to  be  called  upon  to  do,  it  is  believed  that  the  most 
satisfactory  results  can  be  obtained  by  the  squeezing  method. 
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Fig.  25. 


Fig.  25  shows  a  good  form  of  tool  for  this  purpose.  It  con- 
sists of  a  holder  a  bored  to  fit  the  arbor  of  the  milling- 
machine  spindle.  The  sides  of 
the  holder  are  faced  parallel  with 
each  other  and  square  with  the 
hole ;  the  end  is  forked  and  car- 
ries the  sharp-edged  hardened 
marking  wheel  b,  which  is  free 
to  turn  on  a  pin,  but  is  confined 
sidewise  by  the  forks  of  the 
holder.  The  marking  wheel 
should  be  ground  perfectly  true 
after  hardening;  the  angle  in- 
cluded between  the  two  faces 
may  vary  from  60°  to  90**.  With 
the  smaller  angle,  finer  graduation  lines  can  be  obtained; 
a  wheel  with  the  larger  angle  will  last  longer,  however. 

77.  In  use,  the  holder  is  clamped  to  the  arbor  as  if  it 
were  a  cutter  and  the  spindle  is  then  blocked.  The  work 
having  been  adjusted  so  that  the  .surface  to  be  graduated  is 
slightly  above  the  edj;e  of  the  wheel,  it  is  traversed  beneath 
the  latter,  which  rolls  or 
squeezes  in  a  graduation  line 
that  has  slightly  raised  edges, 
which  may  be  removed  after- 
wards by  grinding  or  filing. 
Fig.  20  is  a  greatly  enlarged  cross-section  of  a  graduation 
line  formed  by  squeezing,  and  shows  the  raising  up  of  the 
edges.  It  may  l)e  said  in  favor  of  this  method  of  graduating 
that  the  lines  will  be  smooth,  and  that  a  tool  will  last  a  very 
long  time  with  reasonable  use. 

78.  The  index  head  affords  a  ready  means  of  dividing  cir- 
cular dials  of  various  kinds  into  even  divisions.  The  stop  to 
the  table,  if  one  is  fitted,  may  be  used  for  regulating  the  length 
of  the  graduation  lines;  when  no  stop  is  available,  the  read- 
ing of  the  dial  on  the  feed-screw  will  indicate  where  to  stop 
feeding  in  order  to  make  all  lines  of  each  set  equal  in  length. 
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COMPARISON  OF  MILLING  MACHINES. 

79.  The  universal  milling  machine  is  essentially  a  tool- 
room machine  by  reason  of  the  large  variety  of  work  that 
may  be  done  on  it  with  the  aid  of  the  attachments  provided 
for  the  purpose.  While  manufacturing,  i.  e.,  milling  dupli- 
cate work  in  large  quantities,  can  be  done  in  a  universal 
machine,  a  heavy,  plain,  horizontal  machine  is  generally  pref- 
erable for  this  work  by  reason  of  its  lower  cost  and  greater 
rigidity.  It  is  not  to  be  inferred  from  this  statement  that 
a  universal  machine  is  not  or  cannot  be  made  rigid;  the 
fact  of  the  matter  is  that  the  universal  machine,  not  being 
intended  for  the  heavier  class  of  milling,  is  not  given  the 
same  amount  and  distribution  of  metal  that  is  put  into  a 
machine  especially  built  for  heavy  plain  milling. 

80.  The  vertical  type  of  machine  is  to  be  selected  for 
work  that  is  to  be  largely  done  by  end  mills  or  side  mills; 
the  cut  being  in  plain  sight  of  the  operator  is  probably  the 
most  valuable  feature  of  the  vertical  machine. 

81.  The  Lincoln  type  of  machine  was  developed  in 
armories,  and  is  especially  adapted  for  milling  large  quanti- 
ties of  relatively  small  duplicate  work  requiring  compara- 
tively short  cuts. 

82.  The  rotary  planer  is  well  adapted  for  long  work 
that  requires  the  ends  to  be  squared  up,  and  is  much  used 
for  milling  the  ends  of  cast-iron  columns  and  of  the  different 
rolled  sections  used  in  bridge  work  and  structural  ironwork. 
It  is  also  much  used  for  surfacing  plane  surfaces  on  heavy 
work;  for  instance,  facing  up  the  segments  of  built-up  fly- 
wheels. Its  primary  function  is  the  production  of  plane 
surfaces  at  right  angles  to  the  surface  of  the  table,  and  it 
cannot  be  claimed  to  be  adapted  for  any  other  work. 

83.  The  planer  type  of  milling  machine  is  intended  for 
long  and  heavy  cuts  with  face  mills,  such  as  the  milling  of 
connecting-rods  and  side  rods  for  locomotives,  the  milling 
of  rather  wide  plane  surfaces,  beds  for  machine  tools,  and 
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similar  work.  When  supplied  with  index  centers,  a  great 
deal  of  the  work  done  in  any  other  horizontal  machine  can 
be  done  in  it,  such  as  the  cutting  of  gears  of  various  kinds, 
fluting  reamers,  etc. 

84.  Multispindle  machines  are  best  adapted  for  work 
having  a  number  of  surfaces  so  situated  in  respect  to  one 
another  that  several  of  them  can  be  operated  on  simulta- 
neously. They  are  used  considerably  for  heavy  work,  and 
then  take  the  place  of  a  planer  with  a  number  of  heads;  in 
fact,  they  are  intended  for  the  same  class  of  work. 


GEAR-CUTTING. 


TEETH  OP  SPUR  GEARS. 


DBFINITIONS. 

1.  A  Kear--wtieel,  or  sear,  may  be  defined  as  a  ma- 
chine element  provided  with  projections  called  teeth,  these 
teeth  being  so  formed  that 
they  will  transmit  a  deHnite 
motion  to  another  element  of 
the  machine  by  engaging 
with  similar  projections  on 
When  the  projections  on  a  pair  ' 
of  gears  engage  each  other, 
the  gears,  or  their  teeth,  are  1 
said  to  be  In  mesh., 

2.  The  spur  gear.  Pig.  1, 
is  the  simplest  and  most  fa- 
miliar type  of  gear,  and  the 
principles  involved  in  the  for-  Fio.  i. 

mation  of   its   teeth   apply,   with   certain   minor  modifica- 
tions, to  the  formation  of  the  teeth  of  nearly  every  type 
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of  gear  in  common  use;  therefore,  a  study  of  the  subject  of 
gear-teeth  can  best  be  begun  by  a  study  of  the  formation 
of  the  teeth  of  the  spur  gear. 


ROLLi:VG  CYLINDERS. 

3.  Let  two  wheels  with  parallel  axes  be  held  in  firm 
rolling  contact  by  pressure  upon  their  axes,  as  in  Fig.  2. 
If  one  wheel  be  turned  in  either  direction,  and  there  is  no 
slipping,  the  other  wheel  will  rotate  in  the  opposite  direction 
with  a  circumferential,  or  surface,  velocity  equal  to  that  of 


Fig.  2. 

the  first;  the  relative  motion  will  be  the  same  as  if  the 
wheels  were  connected  with  a  crossed  belt,  and  the  numbers 
of  their  revolutions  will  be  inversely  proportional  to  their 
diameters.  Assuming  wheel  .1  to  be  JO  inches  in  diameter 
and  B  20  inches,  />  will  make  J  J  =  J  as  many  revolutions 
as  A. 


I>URI»OSK   OF   THIi   TKETH. 

4.  Should  slipping  occur,  />  would  make  less  than  one- 
lialf  as  many  revolutions  as  A,  assuming.-/  to  be  the  driver. 
In  order  that  this  slipping  may  be  prevented,  suppose  that 
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pieces  like  ^,  a^  Fig.  3,  are  fastened  at  equal  distances  on 
the  peripheries  of  A  and  B^  and  that  corresponding  grooves 
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like  b^  b  are  cut.  Then,  the  projections,  or  teeth,  on  one 
wheel  will  run  between  the  teeth  on  the  other,  and  B  will 
necessarily  revolve  one-half  as  often  as  A, 


IMPORT ANCB  OF  FORMS  OF  TBBTH. 

5.  Although  the  number  of  revolutions  of  wheels  having 
teeth,  like  those  shown  in  Fig.  3,  will  have  the  ratio  as  the 
diameters  of  the  cylinders,  it  does  not  necessarily  follow  that 
the  relative  motion  will  be  uniform  during  the  period  of 
time  in  which  one  tooth  of  the  driver  acts  on  a  tooth  of  the 
driven  wheel.  In  order  to  secure  a  relative  motion  of  the 
two  wheels  that  will  be  exactly  similar  to  that  of  two  cylin- 
ders rolling  on  each  other  without  slipping,  it  is  not  sufficient 
merely  to  provide  the  wheels  with  teeth,  but  these  teeth 
must  have  certain  definite  forms.  If  this  condition  is  not 
fulfilled,  the  motion  of  the  driven  wheel  will  be  irregular  or 
jerky,  causing  shocks  and  noise.  This  uneven  motion  is 
undesirable,  even  though  the  variation  be  very  slight.     The 
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object,  then;  in  designing  the  teeth  of  gear-wheels  should 
be  to  so  shape  them  that  the  motion  transmitted  will  be 
exactly  the  same  as  with  a  corresponding  pair  of  wheels, 
or  cylinders,  that  are  without  teeth,  and  that  are  running  in 
contact  with  each  other  without  slipping. 

6<  The  pitch  cylinders  of  a  pair  of  gears  are  those 
imaginary  cylinders  that,  when  rolled  together  without  slip- 
ping, will  have  the  same  relative  motions  as  the  gears  them- 
selves. 

7.  The  pitch  circle  of  a  gear  {see  Fig.  4)  is  the  circle 
that  represents  the  pitch  cylinder  on  a  drawing  of  the  gear. 


The  pitch  point  of  a  tooth  curve  is  the  point  where  Ihc 
outline  of  the  tooth  intersects  the  pitch-circle. 
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8.  The  pitcli  diameter  is  the  diameter  of  the  pitch 
circle.  When  the  word  ** diameter"  is  applied  to  gears,  it 
is  always  understood  to  mean  the  pitch  diameter^  unless 
otherwise  specially  stated,  as  **  outside  diameter  "  or  **  diam- 
eter at  the  root." 


PITCH  AND  PROPORTIONS  OF  TEETH. 


CIRCULAR  PITCH. 

9.  The  distance  from  a  point  on  one  tooth  to  the  corre- 
sponding point  on  the  next  tooth,  measured  along  the  pitch 
circle^  is  called  the  circular  pitcli.  The  circular  pitch  of  a 
gear  is  obtained  by  dividing  the  length  of  the  circumference 
of  the  pitch  circle  by  the  number  of  teeth. 


CIRCULAR  PITCH  AND  PITCH  DIAMETBR. 

10«  The  pitch  diameter  of  a  gear  is  generally  some 
whole  number  of  inches,  or  a  whole  number  plus  some  sim- 
ple fraction,  like  -J,  f ,  ^,  or  \.  Since  the  length  of  the  circum- 
ference of  the  pitch  circle  is  equal  to  the  product  of  the 
pitch  diameter  and  3.1416,  it  follows  that  the  pitch  circle 
can  seldom  be  divided  into  equal  parts  whose  lengths  will 
be  expressed  in  the  form  of  whole  inches  and  the  simple 
fractions  into  which  scales  and  rules  are  most  commonly 
divided. 


DIAMETRAL  PITCH. 

II.  On  account  of  the  inconvenient  form  of  the  frac- 
tions in  which  circular  pitch  must  generally  be  expressed, 
it  is  little  used  for  cut  gears,  the  diametral-pitch  system  de- 
scribed in  the  following  article  having  taken  its  place, 
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12<  The  diametral  pltcb  is  not  a  measurement  like 
the  circular  pitch,  but  a  ratio.  It  is  the  ratioof  the  number 
of  teeth  in  the  gear  to 
the  number  of  inches  in 
the  pilch  diameter ;  or, 
it  is  the  number  of  tccih 
on  the  circumference  of 
the  gear  for  1  inch  diam- 
eter of  the  pitch  circle. 
It  is  obtained  by  divi- 
ding the  number  of  teeth 
by  the  pitch  diameter, 

A  gear,  for  example, 
has  60  teeth  and  is 
10  inches  in  diameter. 
The  diametral  pitch  is 
the  ratio  of  GO  to  10  = 
\%  =  6,  and  the  gear 
would  be  called  a  C-pitch 
gear.  From  the  defini- 
tion, it  follows  that 
teeth  of  any  particular 
diametral  pitch  are  of 
the  same  size,  and  havt 
Che  same  width  on  the 
pitch  line,  whatever  tiie 
diameter  of  the  gear. 
Thus,  if  a  12-iiicli  gear 
had  -18  teeth,  it  would 
be  4  pilch.  A  ^-i-inch 
gear  to  have  teeth  of  the 
same  size  would  have 
twice  iS  or  06  teeth, 
and  96  -^  2i  =  4,  the 
same  diametral  pitch  as 
before.  Fig.  5  shows 
the  sizes  of  teeth  of  various  diametral  pitches. 

Diametral  pitch   has  also  been  defined  as  the  number  uf 
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teeth  in  a  gear  of  1  inch  diameter,  which  amounts  to  the 
same  as  the  above  definitions. 

Using,  for  illustration,  a  wheel  10  inches  in  diameter  with 
60  teeth,  we  have 

^.       ,        .,  .        circumference      10x3.1416        ^^,  .     , 

Circular  pitch  =  -.- ^—    -,    = — =  .524  inch. 

^  No.  of  teeth  GO 

T^.         .     ,     ..  1        No.  of  teeth       GO 

Diametral  pitch  =  — 7. =  -  -  =  6. 

diameter         10 


OTHBR  DBFINITION8. 

13.  The  other  necessary  definitions  applying  to  the 
parts  of  a  gear  can  be  readily  understood  from  Fig.  4.  The 
thickness  of  the  tooth  and  width  of  the  space  are  meas- 
ured on  the  pitch  circle.  A  tooth  is  composed  of  two  parts, 
the  addendum,  or  part  outside  the  pitch  circle,  and  the 
part  inside,  which  is  called  either  the  root  or  the  de- 
dcnduin. 

A  line  through  the  outside  end  of  the  addendum  is  called 
the  addendum  circle,  or  addendum  line,  and  one 
through  the  inside  part  of  the  root  is  called  the  root  circle, 
or  root  line.  The  difference  between  the-  width  of  the 
space  and  the  thickness  of  the  tooth  is  called  the  back 
lasli.  The  clearance  is  the  distance  between  the  working 
depth  of  the  tooth  and  the  root  circle,  or  the  amount  which 
the  dedendum  exceeds  the  addendum. 


PROPORTIONH  FOR  GBAR-TBBTH. 

14.  With  gears  of  large  size,  and  often  with  cast  gears 
of  all  sizes,  the  circular-pitch  system  is  used.  In  these 
cases,  it  is  usual  to  have  the  addendum,  the  whole  depth, 
and  the  thickness  of  the  tooth  conform  to  arbitrary  rules 
based  on  the  circular  pitch.  None  of  these  rules  can  be  con- 
sidered absolute,  however.     Machine-molded  gears  require. 
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less  clearance  and  back  lash  than  do  the  hand-molded, 
and  very  large  gears  should  have  less  clearance  and  back 
lash,  proportionately,  than  smaller  ones.  The  following 
table  of  proportions  that  have  been  used  successfully  will 
serve  as  an  aid  in  deciding  upon  suitable  dimensions.  Col- 
umn 1  is  for  ordinary  cast  gears,  and  column  2  is  for  very 
large  gears  having  cut  teeth.     C  stands  for  circular  pitch. 

TABLE  !• 


GBAR-TOOTH  PROPORTIONS. 


1 

2 

Addendum 

0.30C 
0.40  C 
0.70  C 
0.48  C 
0.52  C 

0.30C 

Root 

0.35C 

Whole  Depth 

0.65  C 

Thickness  of  Tooth 

0.495  C 

Width  of  Space 

0. 505  C 

15«  The  gears  most  often  met  with  are  the  cut  gears  of 
small  and  medium  size,  like  those,  for  example,  on  machine 
tools,  which  are  almost  invariably  diametral-pitch  gears. 
The  teeth  are  cut  from  the  solid  by  standard  milling  cut- 
ters that  have  been  proportioned  with  the  diametral  pitch 
as  a  basis.  This  system  is  also  coming  into  very  general 
use  for  cast  gearing.  ///  all  diametral -pitch  gears  ^  the  ad- 
dendum is  made  equal  to  1  divided  by  the  diametral  pitch; 
and  the  7corking  depth  t7C'iee  the  addendum.  The  end  clear- 
ance is  made  equal  to  .125  of  the  addendum  for  cut  gears 
by  The  Pratt  &  Whitney  Company ;  the  Brown  &  Sharpe 
Manufacturing  Company  use  .1  of  the  thickness  of  the  tooth 
on  the  pitch  line  as  the  clearance.  The  side  clearance,  or 
back  lash,  is  made  just  enough  to  give  a  good  working  fit, 
and  seldom  exceeds  .02  of  the  circular  pitch. 

Using  The  Pratt  &  Whitney  Company's  proportions,  a 
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4-pitch  gear  would  have  the  addendum  =  1  -5-  4,  or  .26  inch; 
the  working  depth  would  be  2  X  .25  =  .6  inch,  and  the 
clearance  .125  x  .25  =  .031  inch.  The  total  height  of  the 
tooth  would  be  .5  +  .031  =  .531  inch.  The  thickness  of 
the  tooth  would  be  .5  the  circular  pitch,  nearly. 


RULES   FOR    SPUR-GEAR    CALCULATIONS. 


RELATION  BETWEEN   CIRCULAR    PITCH    AND 

DIAMETRAL  PITCH. 

16.  The  product  of  the  circular  pitch  of  a  gear  and  the 
diametral  pitch  is  always  the  constant  number  3.1416. 
Hence  the  following  rules: 

Rule. —  To  change  circular  pitch  to  diametral  pitchy  di- 
vide 3.  H16  by  the  circular  pitch. 

Example. — If  the  circular  pitch  is  .3927  inch,  what  is  the  diametral 
pitch? 

Solution. — Applying  the  rule  just  given,  the  diametral  pitch  b 

3.1416 


.3927 


=  8.     Ans. 


1 7.     Rule. —  To  change  diametral  pitch  to  circular  pitchy 
diinde  3.1416  by  the  diametral  pitch. 

Example. — If  the  diametral  pitch  is  4,  what  is  the  circular  pitch  ? 
Solution. — Applying  the  above  rule,  the  circular  pitch  vs^ 

3  1416        „^^  . 

— - —  =  .7>j54  m.     Ans. 


PITCH  DiAMeXES,  XITMBES  OF  TKKTH«  A 

18.  Rule. —  To  find  the  number  of  teeth  uhen  tlu  pitch 
diam€ter  and  the  diametral  pitch  are  kno^'n^  multiply  the 
fitch  dimwuter  by  ih£  diametral piuk. 
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Example. — If  a  wheel  is  30  inches  in  diameter  and  3  pitch,  how  many 
teeth  has  it  ? 

Solution. — Applying  the  rule  just  given,  the  number  of  teeth  is 

30  X  3  =  90.     Ans. 

19«  Rule. —  To  find  the  pitch  diameter  when  the  num- 
ber of  teeth  and  the  diametral  pitch  are  known,  divide  the 
number  of  teeth  by  the  pitch. 

Example.— What  is  the  pitch  diameter  of  a  2i-pitch  gear  having 
20  teeth  ? 

Solution. — By  applying  the  rule  just  given,  we  find  the  diameter 
to  be 

57  =  8  in.    Ans. 


OUTSIDE  DIAMETER. 

20«  The  diameter  to  which  the  blank  for  a  spur  gear 
should  be  turned  is  equal  to  the  outside  diameter  of  the 
gear.  By  reference  to  Fig.  4,  it  is  seen  that  the  outside 
diameter,  and,  hence,  the  diameter  of  the  blank,  is  equal  to 
the  pitch  diameter  plus  twice  the  addendum. 

21  •  With  the  diametral-pitch  system,  in  which  the  ad- 
dendum is  equal  to  1  divided  by  the  pitch,  the  outside 
diameter  may  be  calculated  from  the  pitch  diameter  and  the 
pitch  by  an  application  of  the  following  rule: 

Rule. —  To  find  the  outside  diameter  or  the  diameter  of  the  ' 
blank  when  the  pitch  diameter  and  the  diametral  pitch  are 
knoiun,  divide  1  by  the  pitch,  vniltiply  the  quotient  by  2^  and 
add  the  product  to  the  pitch  diameter. 

Example. — What  should  be  the  diameter  of  a  gear  blank  for  a 
6-pitch  gear,  when  the  pitch  diameter  is  14  inches? 

Solution. — Applying  the  rule  just  given,  the  diameter  of  the  blank 
is  found  to  be 

J  X  3  +  14  =  14.33  in.     Ans. 

22.  Since  the  pitch  diameter  is  equal  to  the  number  of 
teeth  divided  by  the  diametral  pitch,  and  the  addendum  is 
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equal  to  1  divided  by  the  diametral  pitch,  the  sum  of  the 
pitch  diameter  plus  twice  the  addendum,  or  the  outside 
diameter  of  the  gear,  may  be  calculated  by  an  application 
of  the  following  rule: 

Rule. —  To  find  the  outside  diameter,  or  the  diameter  of  the 
blank,  when  the  diametral  pitch  and  the  number  of  teeth  are 
knoivn,  add  2  to  the  number  of  teeth  and  divide  the  sum  by 
the  pitch. 

Example. — A  wheel  is  to  have  48  teeth,  6  pitch;  to  what  diameter 
roust  the  blank  be  turned  ? 

Solution. — By  the  rule  just  given,  the  outside  diameter  is 

48  +  2 


6 


=  8.838  in.     Ans. 


23.  The  diameter  of  the  blank  and  the  pitch  being 
given,  the  number  of  teeth  may  be  calculated  from  the  fol- 
lowing rule: 

Rule. —  To  find  the  number  of  teeth  when  the  outside 
diameter  of  the  blank  and  the  diametral  pitch  are  known, 
multiply  the  outside  diameter  by  the  pitch  and  subtract  2  from 
the  product. 

Example. — A  gear  blank  measures  1(H  inches  in  diameter  and  is  to 
be  cut  4  pitch.  How  many  teeth  should  the  gear-cutter  be  set  to 
space  ? 

Solution. — By  applying  the  rule  just  given,  we  find  the  number  of 
teeth  to  be 

10^X4-2  =  42  —  2  =  40  teeth.     Ans. 

24.  Rule.  —  To  find  the  diametral  pitch  when  the  outside 
diameter  a?td  the  number  of  teeth  of  a  diametral-pitch  gear 
are  knoivn,  add  2  to  the  number  of  teeth  and  divide  the  sum 
by  the  outside  diameter. 

Example. — It  is  required  to  select  a  cutter  for  a  gear  having 
54  teeth  that  is  to  mesf^  with  the  change  gears  of  a  lathe.  One  of  the 
change  gears,  which  has  64  teeth,  measures  6.6  inches,  outside  diameter ; 
for  what  pitch  should  the  cutter  be  selected  ? 
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Example. — At  how  many  revolutions  per  minute  will  a  gear  with 
16  teeth  run  when  it  is  driven  by  a  gear  having  72  teeth  and  running 
at  a  velocity  of  30  revolutions  per  minute  ? 

Solution. — Applying  the  above  rule,  the  required  velocity  is  found 
to  be 

72x30      ^_  .         . 

— 7^ —  =  135  rev.  per  min.     Ans. 
lo 


VELOCITY   RATIO. 

31  •  When  comparing  the  velocities  of  two  gears  instead 
of  considering  the  number  of  revolutions  made  by  each  gear 
in  a  given  unit  of  time,  as  1  minute  or  1  second,  it  is  often 
more  convenient  to  use  the  ratio  between  their  respective 
velocities.  This  ratio  is  called  the  velocity  ratio.  It  is 
the  number  of  revolutions  made  by  one  of  the  gears  for 
1  revolution  of  the  other.  Its  numerical  value  is  obtained 
by  dividing  the  number  of  revolutions  of  one  gear  in  a 
given  time  by  the  number  of  revolutions  of  the  other  gear  in 
the  same  time,  the  number  of  revolutions  of  that  gear 
whose  velocity  ratio  is  sought  being  used  as  the  dividend. 
Instead  of  the  numbers  of  revolutions  in  a  given  time,  the 
numbers  representing  the  diameters  or  number  of  teeth  may 
be  used  to  find  the  numerical  value  of  the  velocity  ratio,  in 
which  case,  however,  the  number  of  teeth  of  the  gear  whose 
velocity  ratio  is  sought  is  used  as  the  divisor. 

Example  1. — A  pinion  makes  150  revolutions  per  minute  and  drives 
a  gear  making  25  revolutions  per  minute.  What  is  {a)  the  vel(X'ity 
ratio  of  the  pinion  with  respect  to  the  gear?  {jb)  the  velocity  ratio  of 
the  gear  with  respect  to  the  pinion  ? 

Solution. — {a)  The  velocity  ratio  of  the  pinion,  that  is,  the  num- 
ber of  revolutions  it  makes  while  the  gear  is  making  one,  is,  according 
to  tlie  above  rule,  ^V  —  ^-     Ans. 

{b)  The  velocity  ratio  of  the  gear,  that  is,  the  number  of  revolu- 
tions it  makes  while  the  pinion  makes  one,  is  -f^^  —  \.    Ans. 

Example  2. — A  gear  has  90  teeth,  while  the  pinion  meshing  with  it 
has  10  teeth.  What  is  {a)  the  velocity  ratio  of  the  pinion  ?  {b)  the 
velocity  ratio  of  the  gear  ? 
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Solution. — (a)  Dividing  the  number  of  teeth  of  the  gear  by  the 
number  of  teeth  of  the  pinion,  we  get  |1  =  6  as  the  velocity  ratio  of 
the  pinion.     Ans. 

(d)  In  this  case,  we  have  }}  =:  }  as  the  velocity  ratio  of  the  gear.    Ans. 

Example  3. — Two  gears  having  diameters  of  24  and  36  inches,  re- 
spectively, mesh  together;  what  are  their  velocity  ratios? 

Solution. — The  velocity  ratio  of  the  24-inch  gear  is  j}  =  1 J ;  that 
is,  it  makes  one  and  one-half  revolutions  while  the  36-inch  gear  makes 
one.  The  velocity  ratio  of  the  36-inch  gear  is  {}  =  j ;  that  is,  it  makes 
two-thirds  of  a  revolution  while  the  24-inch  gear  makes  one.     Ans. 


DIAMETERS  FOR  FIXED  CEXTER  DIHTANCBfl. 

32.  Rule. —  To  find  the  pitch  diameter  of  the  larger  gear 
in  a  pair  when  the  center-to-eenter  distance  of  the  two  gears 
and  their  respective  velocities  are  fixed^  multiply  twice  the 
center-tO'Center  distance  by  the  velocity  of  the  smaller  gear 
and  diinde  the  product  by  the  sum  of  the  velocities  of  the  two 
gears. 

Example. — The  smaller  of  two  gears  is  to  run  five  times  as  fast  as 
the  larger.  The  ccnter-to-center  distance  being  8  inches,  what  mu«t 
be  the  pitch  diameter  of  the  larger  gear  ? 

Solutiox. — By  an  application  of  the  rule  just  given,  the  pitch 
diameter  of  the  larg^er  gear  is  found  to  be 

=  13.333  m.     Ans. 

33.  Rule. —  To  find  the  diameter  of  the  smaller  gear  in 
a  pair  when  the  center'to-center  distance  of  the  two  gears 
and  their  respective  velocities  are  fixed^  multiply  twiee  the 
center-to-center  distance  by  the  velocity  of  tlu  larger  gear  and 
diinde  tlu  product  by  the  sum  of  tJu  velocities  of  the  two 
gears. 

Example. — Takisaj  tie  laziit  ♦nimpjt  that  wi*  jprfrr:  is.  Art-  32^ 
what  shocild  be  ibe  ifarr^etitr  'A  th*  *cial>rr  g*ar  ' 

SoLUTiov. — Appiri:!^  "Jza.  t^'^z  ;~*t  gf  T*:t:,  wt  ha^re 

2  •  •  •  ' 

as  the  dJamrffT  OL  tbe  ^rr^V^r  %^sxz. 
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34.  Since  the  center-to-center  distance  is  equal  to  the 
sum  of  the  radii  of  the  two  gears,  it  follows  that  when  the 
diameter  of  either  gear  has  been  calculated,  the  diameter 
of  the  other  may  be  found  as  follows: 

Rule. —  To  find  the  diameter  of  one  gear  of  a  pair  of 
gears^  when  the  center-to-center  distance  is  fixed  and  the 
diameter  of  the  other  gear  is  known^  subtract  one-half  of 
the  known  diameter  from  the  eenter-to-center  distance  and 
multiply  the  remainder  by  2. 

Example. — The  center-to-center  distance  being  8  inches,  and  the 
diameter  of  one  gear  being  4  inches,  what  is  the  diameter  of  the 
other  gear  ? 

Solution. — Applying  the  rule  just  given,  we  obtain 

2  X  (8  -  I)  =  12  in.     Ans. 


LAYING  OUT  GEAR-TEETH. 


SYSTEMS  OF  GEARING. 

35.  As  stated  in  Art.  5,  the  motion  transmitted  by  one 
gear  to  another  will  be  smooth  and  uniform  only  when  the 
teeth  of  the  gears  are  given  definite  forms.  Theoretically, 
the  number  of  forms  that  meet  these  conditions  is  large; 
practically,  however,  owing  to  the  necessity  of  simplicity 
and  ease  of  construction,  this  number  is  restricted  to  a  few 
simple  types;  while  the  importance  of  uniformity  has  still 
further  restricted  the  types  in  common  use  to  two  general 
systems,  known  as  the  involute,  or  single-curve,  system 
and  the  cycloidal,  or  double-curve,  system.  Of  these 
two  systems,  the  involute  has  a  number  of  important  ad- 
vantages, especially  when  used  for  cut  gears,  that  are  con- 
stantly bringing  it  into  more  extensive  use,  and  many  of 
the  best  autliorities  on  gearing  urge  its  universal  adoption 
to  the  exclusion  of  the  cycloidal  system. 
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INVOLUTE  SYSTEM, 


DEFINITION. 

36.  Mathematically,  an  Involute  is  the  curve  that 
would  be  drawn  by  a 
pencil  point  at  the  end 
of  a  thin  band,  that  will 
not  stretch,  and  that  is 
drawn  tight  while  being 
unwound  from  a  cylin- 
der. For  example,  sup- 
pose such  a  band  to  be 
unwound  from  the  cylin- 
der in  Fig.  6,  beginning 
with  the  pencil  point  at  a 
on  the  circumference. 
As  the  band  is  un- 
wound, the  pencil  point 
traces  the  curved  line 
a-l-2-S-4,  etc.,  which 
line  is  a  part  of  the  invo- 
lute of  the  circle  that  represents  the  circumference  of  the 
cylinder. 


Fig.  6. 


LAYING  OUT   INVOLUTE  TEETH. 

37.  Base  Circle. — The  base  circle  in  the  involute  sys- 
tem of  gearing  is  the  circle  to  which  the  involute  that  forms 
the  outline  of  the  tooth  is  drawn.  The  radius  of  the  base 
circle  is  smaller  than  that  of  the  pitch  circle,  the  difference 
between  the  ttvo  being  generally  found  by  multiplying  the 
pitch  diameter  by  a  factor  that  is  constant  in  any  given  sys- 
tem, but  varies  somewhat  with  different  systems.  For  most 
purposes,  a  difference  between  the  radii  of  the  two  circles, 
or  the  distance  between  their  circumferences,  Z),  Fig.  7, 
equal  to  -^  of  the  diameter  of  the  pitch  circle,  will  give  satis- 
factory results.     Brown  &  Sharpe  use  a  value  of  D  slightly 
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smaller  than  this,  their  rule  being  to  make  the  diameter  of 
the  base  circle  equal  to  the  product  obtained  by  multiplying 
the  diameter  of  the  pitch  circle  by  .968.     In  accordance  with 


*d«« 


\\^^ 


this  rule,  the  distance  J)  is  equal  to  the  diameter  of  the 
pitch  circle  multiplied  by  .016.  This  system  is  used  more 
extensively  than  any  other. 

38.  Example  in  Laying;  Out  Teeth. — The  general 
method  of  laying  out  the  teeth  is  here  described  by  means  of 
an  illustrative  example:  Let  it  be  retpiired  to  lay  out  the 
teeth  for  a  gear  8  inches  in  diameter,  3  pitch.  By  the 
proportions  stated  in  Art.  15,  the  addendum  is  1  -r- 3  = 
\  inch,  the  working  depth  is  2  X  J  =  \  inch,  and  the  clear- 
ance, using  The  Pratt  &  Whitney  Company's  proportions, 
is  J  X  i  =  T>V  inch.  I^y  Art.  37,  the  distance  from  the 
pitch  circle  to  the  base  circle  is  ^^^^  x  8  =  j\  i^^ch.  First 
draw  the  pitch  circle,  see  Fig.  7,  with  a  diameter  of  8  inches, 
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then  draw  the  addendum  circle,  the  base  circle,  the  working- 
depth  circle,  and  the  root  circle,  making  the  distances 
Ay  By  Cy  and  /?,  respectively,  \y  \y  -^^y  and  j^  inch,  in 
accordance  with  the  calculated  values.  If  no  scale  by 
means  of  which  these  fractions  can  be  laid  off  directly  is 
available,  they  may  be  reduced  to  decimals  and  laid  off  with 
a  decimal  scale. 

The  pitch  being  3,  the  number  of  teeth  is  3  X  8  =  24. 
The  circumference  of  the  pitch  circle  must,  therefore,  be 
divided  into  24  equal  parts,  each  of  which  is  to  be  subdivided 
into  2  parts,  which  represent,  respectively,  the  thickness  of 
the  tooth  and  the  width  of  the  space  on  the  pitch  line.  The 
points  of  division  between  these  subdivisions  of  the  pitch 
circle  are  the  pitch  points  of  the  teeth;  the  outlines  of  the 
teeth  must  pass  through  these  points. 

39.  The  work  is  now  ready  for  the  construction  of  the 
tooth  curves  between  the  base  circle  and  the  addendum 
circle.  These  curves  are  generally  circular  arcs  drawn  with 
centers  on  the  base  circle,  so  as  to  agree  as  closely  as  is 
practicable  with  the  theoretical  curves  for  the  tooth.  Two 
methods  of  drawing  them  are  described  in  the  following 
articles. 

40«  Slnsle-Arc  Approximation. — By  the  following 
method,  known  as  the  single-arc  approximation,  the 
outline  of  the  tooth  between  the  base  circle  and  the  adden- 
dum circle  is  the  arc  of  a  circle  drawn  through  the  pitch 
point  with  a  center  on  the  base  line  and  a  radius  //,  Fig.  7, 
equal  to  \  of  the  radius  of  the  pitch  circle.  In  the  example 
under  consideration,  see  Art.  38,  the  radius  of  the  pitch 
circle  is  8  -?-  2  =  4  inches,  and  the  radius  H  with  which  to 
draw  the  tooth  outline  is  4  X  i  =  1  inch.  When  the  num- 
ber of  teeth  is  greater  than  30  and  the  diametral  pitch  is  not 
less  than  10,  this  method  will  give  a  curve  that  will  be  .satis- 
factory for  most  ordinary  work.  With  larger  teeth,  how- 
ever, and  especially  with  wheels  having  a  small  number  of 
teeth,  the  curve  so  obtained  differs  considerably  from  the 
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correct  curve  and,  in  these  cases,  more  satisfactory  results 
are  obtained  by  the  method  explained  in  the  following 
articles. 

41*  Grant's  Involute  Odontoffrapti.  —  By  this 
method,  for  all  gears  having  fewer  than  37  teeth,  the  por- 
tions of  the  curve  on  each  side  of  the  pitch  circle  are  drawn 
with  a  different  radius,  the  center  of  the  arc  for  each  being 
on  the  base  circle. 

The  lengths  of  the  radii  with  which  the  two  arcs  are 
drawn  are  obtained  by  the  following  method:  In  Table  II, 
which  is  taken  from  Grant's  ** Treatise  on  Gear- Wheels,*' 
are  two  sets  of  numbers,  a  part  of  each  set  being  in  two  col- 
umns. The  first  set  has  the  general  heading  **  Divide  by 
the  Diametral  Pitch  "  and  the  two  columns  in  this  set  have 
the  respective  headings  **Face  Radius"  and  **  Flank  Ra- 
dius." This  set  is  to  be  used  with  the  diametral-pitch  sys- 
tem. To  find  the  radius  for  the  face  of  a  tooth  for  a  gear 
having  less  than  37  teeth  {see  F,  Fig.  7),  divide  the  number 
in  the  column  headed  **  Face  Radius,"  and  in  the  same  hor- 
izontal line  as  the  number  in  the  column  headed  **  Number 
of  Teeth  "  that  corresponds  with  the  number  of  teeth  in  the 
gear,  by  the  diametral  pitch.  To  find  the  radius  of  the 
flank  (see  G,  Fig.  7),  divide  the  corresponding  number  in 
the  column  headed  **  Flank  Radius"  by  the  diametral 
pitch. 

The  second  set  of  two  columns  of  numbers  is  headed 
**  Multiply  by  the  Circular  Pitch  "  and  is  to  be  used  with  the 
circular-pitch  system.  It  is  used  in  the  same  manner  as  the 
first  set,  except  that  the  numbers  taken  from  the  table  are 
to  be  vtultiplied  by  the  circular  pitch. 

42.  Applying  this  method  to  the  diametral-pitch  gear  of 
Art.  38,  in  which  the  number  of  teeth  is  24  and  the  pitch  3, 
we  proceed  as  follows:  To  find  the  radius  of  the  face,  we 
look  in  the  first  column  for  the  number  24  and  in  the  same 
horizontal  line  in  the  column  headed  **Face  Radius,"  we 
find  the  number  3.64,  which,  divided  by  the  pitch,  gives  us 
3.64  -T-  3  =  1.21  inches  as  the  radius  of  the  face.      In  the 

5".  Vol.  IL—jo, 
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same  horizontal  line  and  in  the  column  headed  **  Flank 
Radius,"  we  find  the  number  2.24;  this  number  divided  by  3 
gives  us  2.24  -;-  3  =  .75  inch,  nearly,  as  the  radius  of  the  flank. 

43.  Odontosrapti  for  Gears  Having  More  Than 
36  Teeth. — An  inspection  of  Table  II  shows  that  for 
gears  having  more  than  t3G  teeth  there  is  but  one  column 
of  figures  under  each  of  the  respective  headings  of  diametral 
pitch  and  circular  pitch.  The  reason  is  that  the  whole 
curve  is  drawn  with  a  single  radius,  whose  length  is  deter- 
mined by  the  general  method  explained  in  Art.  41.  It  is 
constant  for  all  gears  the  numbers  of  whose  teeth  are  in- 
cluded in  the  several  pairs  of  numbers  given  in  the  column 
headed  **  No.  of  Teeth";  for  instance,  the  length  of  the 
radius  for  all  numbers  of  teeth  from  37  to  40  is  determined 
by  the  use  of  the  numbers  in  the  horizontal  line  in  which 
these  numbers  occur. 

Example. — What  is  the  length  of  the  radius  for  the  curves  of  the 
teeth  of  a  gear  having  04  teeth,  1.473  circular  pitch  ? 

Solution. — Since  the  number  of  teeth  lies  between  the  num- 
bers (51-70  in  the  first  column  of  the  table,  and  the  pitch  is  in  the  circu- 
lar-pitch system,  we  multiply  the  pitch  by  the  number  2.07,  which  is 
found  in  the  second  set  of  fij^ures  at  the  right  of  the  numbers  61-70 
and  in  the  same  horizontal  row.  Performing  the  multiplication,  we 
get  1.473  X  2.07  ==  3.05,  say,  3  inches,  as  the  length  of  the  radius.     Ans. 

44.  ConipletiiiK  the  Outline. — With  either  of  the 
above  methods  of  constructing  the  tooth  outline,  the  flanks 
f)f  the  teeth  are  radial  between  the  base  circle  and  the  work- 
ing-depth circle;  this  part  of  the  outline  is,  therefore,  made 
to  coincide  with  the  straight  line  from  tlie  center  O  of  the 
pitch  circle  to  the  point  where  the  curved  portion  of  the 
outline  intersects  the  base  circle,  as  is  shown  by  the  line  0  1 
in  Fig.  7.  A  fillet  from  the  working-depth  circle  connects 
the  radial  portion  of  the  outline  with  the  root  circle  and 
C()mi)letes  the  outline  of  the  tooth.  Brown  &  Sharpe  make 
the  radius  of  this  fillet  equal  to  ^  the  width  of  a  space  at  the 
addendum  circle. 

45.  Klmitliiy:  Number  of  Teetli. — The  smallest 
number    of    teeth    that    should    be    used    in    a    cut    gear 
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whose  teeth  are  laid  out  by  the  method  explained  in 
Art.  40,  is30;  with  a  smaller  number,  the  difference  be- 
tween the  curve  obtained  by  this  method  and  the  correct 
curve  is  so  great  as  to  cause  the  teeth  to  work  unsatisfac- 
torily. By  using  Grant's  odontograph  table  in  the  manner 
explained  in  Art.  42,  it  is  possible  to  make  satisfactory 
gears  that  have  as  few  as  10  teeth. 

46.  Grant's  Rule  for  Rack  Teeth. — The  teeth  of 
a  rack  that  is  to  mesh  with  an  involute  gear  of  a  given 
pitch  may  be  laid  out  by  the  following  method,  which  is 
known  as  Grant's  rule  for  rack  teetti.  First  draw 
the  addendum,  pitch,  and  root  lines.  Fig.  8,  making  the 
distances  A  and  B  each  equal  to  1  divided  by  the  diam- 
etral pitch,  and  the  distance  C  equal  to  ^  of  -^.  On  the 
pitch  line  lay  off  the  pitch  distances  D^  D^  and  divide  them 
into  the  two  parts  /  and  j,  corresponding,  respectively,  to 
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the  thickness  of  the  teeth  and  the  width  of  the  spaces  on 
the  pitch  line.  Draw  the  sides  of  the  teeth  from  the 
working-depth  line  to  the  line  a  a,  which  is  drawn  half-way 
between  the  pitch  line  and  the  addendum  line,  as  straight 
lines  making  angles  of  15°  with  lines  that  pass  through  the 
pitch  points  perpendicular  to  the  pitch  line.  Draw  the 
outer  half  of  the  addendum  as  a  circular  arc  having  a 
radius  R  whose  length  is  2.10  divided  by  the  diametral 
pitch,  or  .67  multiplied  by  the  circular  pitch.  A  fillet  from 
the  working-depth  line  to  the  root  line  completes  the  outline 
of  each  side  of  the  tooth. 
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DBFINITION8. 

47.  In  mathematics,  a  cycloid  is  the  path  described  by 
a  point  on  the  circumference  of  a  circle  as  the  circle  rolls 
upon  a  straight  line;  thus,  the  curve  a  b  c  described  by  the 
point  b  as  the  circle  j  rolls  along  the  line  a  c  \s  called  a 
cycloid.  The  circle/  is  called  a  describing:  circle.  When 
the  describing  circle,  as  //,  Fig.  9  (b),  rolls  upon  the  outside 

of  another  circle,  as  g^  the  curve 
^^  described  by  any  point  on  the 
describing  circle,  as  r,  is  called  an 
epicycloid.  If  the  describing 
circle,  as  /,  rolls  on  the  inside  of 
another  circle,  as  g^  the  curve  cf 
generated  by  any  point  of  the 
describing  circle,  as  r,  forms  what 
is  called  a  hypocycloid.  If  the 
circle  /  has  a  diameter  just  one- 
half  the  diameter  of  the  circle^'', 
the  hypocycloid  will  be  a  straighl 
line,  or  a  diameter  of  the  circle  ^^. 
If  the  diameter  of  the  circle  /  is  less  than  half  that  of  the 
circle  ^if,  the  hypocycloid  will  have  a  curve  as  shown  at  r/, 
while  if  the  diameter  of  /  is  more  than  half  the  diameter 
of  g,  the  curve  would  extend  to  the  left  from  the  point  e 
instead  of  to  the  right  of  c. 


Fig.  9. 


LAYING  OUT  CYCLOIOAL  TKETH. 

48.  General  Directions.  —  The  pitch,  addendum, 
working  depth,  and  root  circles  are  drawn  and  the  pitch, 
thickness  of  teeth,  and  width  of  spaces  on  the  pitch  circle 
are  laid  off  as  described  for  the  involute  system  in  Art.  38. 
After  this  the  outlines  of  the  teeth  may  be  drawn  as 
theoretical  (Uirves,  hut  the  more  common  method  is  to  draw 
the  curves  for  the  faces  and  flanks  as  circular  arcs  that  agree 
as  nearly  as  is  practicable  with  the  theoretical  curves. 
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49.  Grant's  Cycloldal  Odontosrapti. — One  of  the 

most  accurate  practical  methods  of  laying  out  the  approx- 
imate curves  of  cycloidal  teeth  by  means  of  circular  arcs  has 
been  devised  by  Mr.  George  B.  Grant.  The  lengths  of  the 
radii  of  the  arcs  and  the  location  of  their  centers  are  deter- 
mined by  the  pitch  and  number  of  teeth  of  the  gear,  in  con- 
junction with  a  table  of  factors  that  apply  to  gears  of  all 
sizes  from  a  10-tooth  pinion  to  a  rack.  Any  two  gears  with 
teeth  of  the  same  pitch  and  length  laid  out  by  this  method 
will  work  satisfactorily  with  each  other.  The  base  of  the 
odontograph  is  a  describing  circle  whose  diameter  is  equal 
to  the  radius  of  the  12-tooth  pinion ;  a  gear  laid  out  by  its 
use  will,  therefore,  work  satisfactorily  with  any  gear  having 
the  same  pitch  and  general  tooth  dimensions,  and  with  the- 
oretical cycloidal  curves  constructed  with  a  describing  circle 
whose  diameter  is  equal  to  the  radius  of  the  12-tooth  pinion. 

50.  Use  of  Cycloidal  Odontosrapli. — The  first  step 
in  the  use  of  the  odontograph  is  the  location  of  the  circles 
on  which  lie  the  centers  of  the  arcs,  Fig.  10.  These  circles 
are  concentric  with  the  pitch  circle,  and  their  distances  from 


Fig.  10. 

it  are  determined  in  the  following  manner:  In  Table  III, 
which  is  taken  from  Grant's  **  Treatise  on  Gear-Wheels,"  are 
three  sets  of  numbers,  headed,  respectively,  **  Number  of 
Teeth,"  **  Divide  by  the  Diametral  Pitch,"  and  **  Multiply 
by  the  Circular  Pitch."  To  find  the  distance  from  the  pitch 
circle  at  which  to  draw  the  line  of  face  centers  for  a  diam- 
etral-pitch gear  with  a  given  number  of  teeth  (see  //,  Fig.  10), 
use  the  numbers  headed  *' Diametral  Pitch"  and  select 
from  the  column  headed  *'  Distances  ^,"  under  the  heading 
"Faces,"  the  number  in  the  same  horizontal  line  as  the 
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number  corresponding  to  the  number  of  teeth  in  the  gear 
and  which  is  found  in  the  column  headed  **  Number  of 
Teeth.'*  This  number  divided  by  the  diametral  pitch  gives 
the  distance  in  inches  from  the  pitch  circle  to  the  circle  of 
face  centers.  The  distance  B  from  the  pitch  circle  to  the 
circle  of  flank  centers  is  found  by  dividing  the  number  in  the 
column  headed  *^  Distances  i5,"  imderthe  heading  **  Flanks" 
and  in  the  same  horizontal  line  as  the  number  corresponding 
to  the  number  of  teeth  in  the  gear,  which  is  found  in  the 
column  headed  **  Number  of  Teeth,"  by  the  diametral  pitch. 
The  lengths  of  the  radii  C  and  D  of  the  arcs  forming  the 
outlines  of  the  faces  and  flanks  of  the  teeth  are  found  by 
dividing  the  numbers  in  the  respective  columns  headed 
**  Rad.  C*  and  **  Rad.  Z>,"  and  in  the  same  horizontal  line  as 
that  in  which  the  number  of  teeth  is  found,  by  the  diametral 
pitch. 

51.  For  a  circular-pitch  gear,  the  numbers  headed 
**  Multiply  by  the  Circular  Pitch  "  are  to  be  used.  The 
numbers  are  selected  as  in  the  diametral-pitch  system,  but 
the  several  distances  and  lengths  of  radii  are  found  by 
multiplying  the  numbers  in  the  table  by  the  circular  pitch. 

52.  Flanks  for  Gears  Having  lo  and   11    Teeth. 

The  numbers  in  the  table  for  the  flank  radii  of  gears  hav- 
ing 10  and  11  teeth  are  preceded  by  the  minus  sign  (  — ). 
This  indicates  that  the  direction  of  curvature  of  the  flanks 
is  opposite  to  that  of  the  gears  that  have  a  larger  number 
of  teeth  and  that  the  centers  from  which  the  flanks  are 
drawn  must  be  taken  on  the  opposite  side  of  the  tooth. 
The  flanks  of  gears  having  a  small  number  of  teeth  are 
convex;  those  having  a  larger  number  of  teeth,  concave. 

53.  The  flanks  for  gears  having  12  teeth  are  radial. 
This  fact  is  indicated  in  the  table  by  the  symbol  for  infinity 
(oo)  in  the  columns  for  length  of  flank  radius  and  distance 
from  pitch  circle  to  line  of  flank  centers.  To  draw  the 
flanks  for  these  teeth  draw  a  straight  line  from  the  pitch 
point  toward  the  center  of  the  pitch  circle. 
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54*     Example  In  Use  of  Cycloldal  Odontoffraph. 

It  is  required  to  draw  the  teeth  for  a  wheel  having  cycloidal 
teeth,  the  wheel  to  be  12f  inches  in  diameter  with  32  teeth. 
In  accordance  with  the  statement  made  in  Art.  9,  the  cir- 
cular pitch  is  — ■ — — ^ =  1.2517  inches,  or  H  inches, 

nearly.  By  the  rule  given  in  Art.  16,  we  find  the  corre- 
sponding diametral  pitch  to  be  3.1410-^1.2517  =  2.513; 
consequently,  in  accordance  with  the  proportions  given  in 
Art.  15,  the  dimensions  of  the  teeth  will  be  as  follows: 
Addendum  =  1  -4-  2.513  =  .398,  or  -J|  inch,  nearly,  and  the 
working  depth  will  be  H  x  2  =  ^  inch.  The  clearance  is 
.398  X  i  =  .05,  or  -^  inch,  nearly,  according  to  The  Pratt  & 
Whitney  Company's  proportions.  If  the  back  lash  is  made 
■^f^  of  the  circular  pitch,  the  difference  between  the  thickness 
of  the  tooth  and  the  width  of  the  space  on  the  pitch  line 
will  be  1.2517  X  -5^  =  .025  inch;  this  will  give  a  thickness 

of  tooth  of  -^— ^ — ~ — '- =  .6133,  or  fj  inch,  nearly. 

Now  draw  the  pitch,  addendum,  working  depth,  and  root 
circles,  in  accordance  with  the  calculated  dimensions;  then 
divide  the  circumference  of  the  pitch  circle  by  32  and  set 
this  distance  off  a  few  times  on  the  pitch  circle,  and  divide 
each  of  these  parts  into  2  portions  to  represent,  respectively, 
the  thickness  of  the  teeth  and  the  width  of  the  spaces. 
The  points  of  division  so  obtained  are  the  pitch  points  of 
the  teeth.  In  practice  only  a  few  teeth  are  drawn,  as 
shown  in  Fig.  10.  In  order  to  set  the  dividers  to  the 
proper  pitch  distance,  it  is  well  to  multiply  the  calculated 
distance  by  some  convenient  number,  lay  this  distance  out 
on  a  straight  line,  and  then  with  the  dividers  divide  the  line 
into  a  number  of  parts  corresponding  to  the  multiplier  used. 
This  method  reduces  the  error  in  setting  the  dividers.  For 
instance,  if  the  circular  pitch  were  .7854  inch,  the  dividers 
could  be  set  as  follows:  Multiply  .7854  by  4,  which  gives 
3.1410  inches.  With  a  scale  lay  off  3.14  inches,  and  then 
with  the  dividers  step  this  distance  off  into  four  equal  parts, 
which  will  give  a  more  accurate  setting  than  could  be 
obtained  directly  from  the  scale. 
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Referring  now  to  Table  III.  we  find  that  the  number  of             ^| 

lelh  in  the  gear  lies  between 

the  numbers  30  and  nO  that  are              ^H 
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each  other,  without  slipping.  In  a  similar  way,  the  motion 
of  a  [)air  of  bevel  gears  is  the  same  as  that  of  a  pair  of 
cones.  Fig.  11,  rolling  together. 

56.     Fig.  13  represents  a  pair  of  bevel  gears  in  which  the 
rolling  Gones  are  in  contact,  so  that  if  the  teeth  were  con- 
tinued   all    around 
the  gears,  the   lat- 


ter 


uld    be 


mesh.  The  propor- 
tions of  these  gears 
are  so  chosen  that 
their  relative  mo- 
tion will  be  the 
same  as  that  of  the 
pair  of  rolling  cones 
in  Fig.  11.  The  re- 
lation between  the 
gears  and  their  cor- 
responding cones  is 
still  further  shown 
in  Fig.  12  by  the 
dotted  outlines 
Oab  and  O  be  -.f 
a  pair  of  cones  hav- 
ing the  same  di- 
mensions as  those 
in  Fig.  11. 

57.     The     cones 
whose  relative  mo- 
tion corresponds  to 
that    of    a     pair   of 
bevel     gears     are 
called    the    pitch 
coneH  of  the  gears. 
I'jvcl  gear  is  the  circle  represented 
t-<inc.      The  diameter  of  a    bevel 
1  to  mean  the  diameter  of  its  pitch 
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circle;  for  example,  the  diameters  A  and  B  of  the  pair 
of  gears  shown  in  Fig.  12  are,  respectively,  the  diame- 
ters a b  and  b c  oi  the  bases  of  the  two  pitch  cones  O ab 
and  Obc, 

58.  Convergence  of  Teetb. — In  nearly  all  bevel  gears 
found  in  practical  use,  the  pitch  cones  have  a  common  apex 
at  the  point  of  intersection  of  the  center  lines  of  the  shafts 
connected  by  the  gears,  and  the  axes  of  the  cones  coincide 
with  the  center  lines  of  these  shafts.  If  the  teeth  of  such 
gears  are  correctly  formed,  each  tooth  surface  is  made  up  of 
a  series  of  straight  lines,  each  of  which  passes  through  the 
point  of  intersection  of  the  center  lines  of  the  shaft,  or  the 
common  apex  of  the  two  pitch  cones;  the  teeth  of  a  bevel 
gear  may,  therefore,  be  conceived  as  having  been  cut  out 
by  a  straight  line  that  always  passes  through  the  apex  of  the 
pitch  cone  while  it  is  moved  in  contact  with  the  outlines  of 
the  bases  of  the  teeth.  For  example,  in  Fig.  12,  if  we  con- 
sider a  straight  line  always  passing  through  O  while  it  is 
moved  in  contact  with  the  outline  r  s  t  u  oi  the  base  of  a 
correctly  formed  tooth,  the  line  will  coincide  with  the  sur- 
face m  of  the  tooth  for  every  point  of  its  motion.  On 
account  of  this  convergence  of  the  surfaces  of  the  teeth, 
and  the  consequent  change  in  the  size  of  the  tooth  curves, 
it  is  impossible  to  correctly  form  either  side  of  the  teeth  by 
passing  a  formed  cutter,  which  may  be  either  a  planing  tool 
or  a  milling  cutter,  but  once  over  the  sides  of  each  tooth. 


BBVBL-GBAR    CALCULATIONS. 

59.  The  relations  between  the  pitch  diameters,  pitch, 
numbers  of  teeth,  and  velocities  of  bevel  gears  are  the 
same  as  the  corresponding  relations  between  the  same  fea- 
tures of  spur  gears;  problems  involving  these  relations 
may,  therefore,  be  solved  by  an  application  of  the  rules 
presented  in  Arts.  18,  19,  and  30,  remembering  that 
the  diameter  of  each  of  the  bevel  gears  is  that  of  the  base 
of  its  pitch  cone. 
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LAYING  OUT  BBVBL  GBARS. 

60.  Laying  Out  Pitch  Cones. — To  lay  out  the  pitch 
cones,  first  draw  the  center  lines  oa  and  ob^  Fig.  13,  of  the 
shafts  at  the  required  angle  with  each  other.  The  next  step 
depends  on  the  velocity  ratio,  or  the  relation  between  the 
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Fig.  13. 

diameters,  or  the  numbers  of  teeth  of  the  two  p^ears,  and  the 
conditions  imposed  on  their  diameters,  or  their  distance 
from  the  point  of  intersection  of  the  center  lines  of  the 
shafts. 

61.  When  the  shafts  are  at  rieht  angles  to  each  other, 
and  the  diameters  of  the  gears  arc  given,  or  can  be  calcu- 
lated, lay  off  from  the  point  of  intersection  o.  Fig.  13  (d), 
a  distance  on  each  line  ecjual  to  the  radius  of  the  gear  on 
the  other  shaft.  Through  the  points  r  and  /  so  obtained, 
draw  the  per[)endiculars  r  i/  and  <v/ intersecting  in  //.  Lay 
off  rrand  1 1'  equal,  respec^tively,  to  rd  and  /^  and  draw 
the  lines  oc,  o  d,  and  o  t\  thus  cc^mpleting  the  outlines  of  the 
pitch  cones  o c d  and  ode.     The  angles  c  oa^  or  doa^  and 
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eo  bjOT  do  by  are  called  the  center  angles  of  their  respect- 
ive pitch  cones. 

62.  Laylns  Off  Anffles  Wben  Sbafts  Are  Not  at 
Ri^bt  Angles. — Lay  off  on  the  center  line  of  each  shaft 
convenient  distances,  as  o  in  and  o  w,  Fig.  13  (^),  that  are 
proportional  either  to  the  velocity  of  the  gear  on  that  shaft, 
or  to  the  diameter,  or  to  the  number  of  teeth  of  the  gear  on 
the  other  shaft.  Through  the  points  ;;/  and  n  so  obtained, 
draw  lines  perpendicular  to  the  center  lines  of  the  shafts. 
The  line  os  drawn  through  the  point  of  intersection  s  of 
these  perpendiculars  and  the  point  of  intersection  o  of  the 
center  lines  of  the  shafts  fixes  the  center  angles  do  a  and  do  b 
of  the  gears. 

Example. — Lay  out  the  center  angles  of  a  pair  of  bevel  gears  for  the 
shafts  whose  center  lines  are  o  a  and  o  b.  Fig.  13  (a).  The  gears  are  to 
have  46  and  82  teeth,  respectively,  and  the  angle  between  the  center 
lines  is  90". 

Solution. — Since  the  gear  on  the  shaft  ^^  is  to  have  48  teeth 
while  that  on  o  b  has  32,  the  distances  laid  off  must  be,  respectively, 
proportional  to  32  and  48;  or,  since  both  of  these  numbers  can  be 
divided  by  16  with  quotients  of  2  and  3,  respectively,  the  proportional 
distances  are  as  2  and  3.  Therefore,  lay  off  on  ^  ^7  a  distance  o  m  equal 
to  2  divisions,  and  on  ^  ^  a  distance  o  n  equal  to  3  divisions  on  some 
convenient  scale  and  obtain  the  points  ;//  and  ;/,  through  which  draw 
the  lines  tn  s  and  n  s  perpendicular,  respectively,  to  the  center  lines  o  a 
and  o  b.  By  drawing  the  line  o  s  through  the  point  of  intersection  s  of 
these  perp)endiculars  and  the  point  of  intersection  o  of  the  center  lines, 
the  center  angles  ao  s  and  b o s  of  the  pitch  cones  are  obtained.     Ans. 

63.  WAen  the  distance  from  the  point  of  intersection  of 
the  center  lilies  to  the  base  of  one  of  the  cones  is  fixed,  the 
completion  of  the  cones  is  accomplished  in  the  following 
manner:  Lay  off  the  given  distance,  as  or.  Fig.  13  {b), 
on  its  proper  center  line.  Through  the  point  r  draw  the 
line  r  rf  perpendicular  to  oa,  extending  it  until  it  intersects 
the  line  ^.r  in  ^,  and  lay  off  rr  equal  to  r^/.  Through^  draw 
the  line  de  perpendicular  to  ob  and  make  te  equal  to  td. 
Draw  CO  and  eo.  The  outlines  of  the  two  pitch  cones  are 
then  cod 2Ltid  doe,  respectively,  and  the  pitch  diameters  of 
the  two  gears  are  c  d  and  de. 


34  GEAR-CUTTING.  §  17 

64,  IV/ien  the  diameter  of  one  or  both  of  the  gears  is 
fixed^  the  pitch  cones  may  be  laid  out  by  the  method  illus- 
trated in  Fig.  13  {b).  First  lay  out  the  contact  line  os^ 
Fig.  13  (d),  by  the  method  explained  in  Art.  62;  then,  from 
any  convenient  point,  as  w,  on  the  center  line  of  the  gear 
whose  diameter  is  given,  draw  a  perpendicular  u  z\  and  on 
it  lay  off  the  distance  //  v  equal  to  the  radius  of  the  gear. 
Through  v  draw  a  line  vd  parallel  to  oa  until  it  intersects 
the  contact  line  os  in  d.  The  point  d  will  be  one  extremity 
of  the  pitch  lines  of  the  gears.  From  d,  draw  the  lines  dc 
and  de  perpendicular,  respectively,  to  the  axes  oa  and  o b, 
make  the  distances  re  and  tc  equal,  respectively,  to  rd 
and  t  d,  and  from  the  points  e  and  e  draw  the  lines  r^  and  eo. 
The  outlines  of  the  pitch  cones  are  eod ^.wd  doe. 

65.  I-.aylnff  Out  Blanks. — The  method  of  laying  out 
the  blanks  for  a  pair  of  bevel  gears  is  illustrated  in  Fig.  14. 
First  construct  the  pitch  cones  ocd  and  ode.  On  the 
lines  eo^  do^  and  eo  lay  off  the  distances  ec\  dd\  and  ee\ 
each  being  equal  to  the  length  of  the  face  of  the  required 
teeth,  and  through  the  points  c  and  c\  d  and  d\  e  and  e\ 
representing  the  ends  of  the  teeth,  draw  lines  perpendic- 
ular to  the  lines  oc^  od^  and  oc  on  which  these  points  are 
located,  producing  the  lines  through  d  and  d'  until  they 
intersect  the  center  lines  a  a  and  ob  in  the  points  /*  g,  f\ 
and  ir'. 

On  tlie  perpendicular  through  c  lay  off  c h\  ci',  and  i'j\ 
equal,  respectively,  to  the  face,  tlie  flank,  and  the  clearance 
of  the  required  teeth,  calculating  these  values  from  the 
pitch,  and  remembering  that  the  pitch  diameter  is  the  diam- 
eter c  d  oi  the  base  of  tlie  pitcli  cone.  In  a  similar  manner, 
lay  off  the  distances  d h,  di,  and  ij  representing  the  face, 
flank,  and  (^learance  of  the  tootli  of  the  gear  ^J,  whose  pitch 
point  is  d,  and  tlie  correspcinding  distances  d i^  d h,  and 
// /',  e  i\  c  h\  and  Jr  k"  of  the  teeth  of  the  pinion  />.  From 
each  of  the  points  so  determined,  draw  a  line  to  the  point  o. 
Those  parts  of  these  lines  ineluded  between  the  perpendicu- 
lars througli  the  points  representing  tlie  ends  of  the  teeth 
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give  the  outlines  of  the  teeth  and  fix  the  outside  diam- 
ters  ////'  and  ii'  of  the  blanks. 

The  angles  oua  and  ovb  are  the  face  angles  and  r ca 
and  l'  eb  are  the  edge  anffless.  These  angles  are  used  in 
turning  up  the  blanks  preparatory  to  cutting  the  teeth.  In 
some  cases  it  may  be  more  convenient  while  turning  up  the 
blanks  to  work  from  the  angles  h'  oa  and  i" ob\  when  the 
face  angles  are  given,  these  angles  may  be  found  by  sub- 
tracting the  corresponding  face  angles  from  90°.  The  cut- 
tins  angles  i' oa  and  h' ob  are  used  for  setting  the  blank 
when  the  teeth  are  to  be  cut  in  the  milling  machine.  When 
the  gears  are  to  be  cut  by  planing,  the  angles^ ^rt:  and  bo k" 
are  taken  as  the  cutting  angles.  Since  the  lines  /'  h'  and  l"  i' 
are,  respectively,  perpendicular  to  the  lines  oc  and  oe^  the 
edge  angles  V ca  and  l" cb  are,  respectively,  equal  to  the 
center  angles  coa  and  cob. 

66.  Determining  tbe  Anffles  of  the  Blanks. — The 

edge,  face,  cutting,  and  center  angles  are  generally  deter- 
mined by  measuring  the  drawing  with  a  protractor.  It  is 
seldom  practicable  to  set  the  milling  machine  or  gear-cutter 
to  angles  smaller  than  \  of  a  degree,  or  15';  it  is,  therefore, 
useless,  in  most  cases,  to  attempt  to  measure  the  angles  on 
the  drawing  to  a  greater  degree  of  precision. 

67.  Outside  Diameters  of  Blanks. — The  outside 
diameters  of  the  blanks  may  generally  be  determined  with  a 
sufficient  degree  of  accuracy  by  measuring  from  a  carefully 
made  drawing  like  that  of  Fig.  14.  It  is  better,  however, 
to  have  this  diameter  carefully  computed  in  the  drawing 
room  and  the  dimension  placed  upon  the  drawing. 

68.  Laying  Out  Tooth  Curves. — Having  the  pitch 
cones  and  the  side  outlines  of  the  teeth  laid  out,  draw  arcs 
of  circles  with  radii  equal  to  the  distances /*y, //,  y^,  and 
fh\  and  gk^  gh^  gd^  and  gi  about  f  and  g  as  centers,  to 
represent  the  roots,  working  depths,  pitch  points,  and  ad- 
denda of  the  teeth  at  the  larger  end.  In  Fig.  14,  these 
arcs  are  on  the  drawing  on  which  the  blanks  are  laid  out, 
but,  if  desirable,  they  may  be  made  upon  separate  sheets. 
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These  arcs  are  used  in  laying  out  the  tooth  curves  in  the 
same  manner  as  the  similar  circles  for  spur  gears  are  used. 
In  explaining  the  use  of  these  arcs  for  laying  out  the  teeth, 
the  circle,  of  which  the  arc  representing  the  pitch  circle  forms 
a  part,  will  be  called  the  construction  pltcli  circle,  as 
designated  on  the  drawing,  Fig.  14,  to  distinguish  it  from 
the  actual  pitch  circle  of  the  gear. 

69.  To  lay  out  the  curves  for  the  larger  ends,  lay  off  on 
the  construction  pitch  circle,  spaces  equal  to  the  circular 
pitch.  The  length  of  these  spaces  is  found  by  dividing  the 
circumference  of  the  pitch  circle  of  the  gear  by  the  number  of 
teeth.  Divide  each  space  into  two  parts  to  represent,  respect- 
ively, the  thickness  of  the  tooth  and  the  width  of  the  space, 
thus  obtaining  the  pitch  points  of  the  teeth.  The  tooth 
curves  are  then  to  be  drawn  through  these  pitch  points. 

70«  When  the  involute  system  of  teeth  is  used,  the  dis- 
tance from  the  construction  pitch  circle  at  which  to  draw 
the  base  circle  is  to  be  calculated  from  the  diameter  of  the 
construction  pitch  circle.  In  using  the  involute  or  the  cy- 
cloidal  odontograph  table,  the  number  of  teeth  to  be  used  in 
selecting  from  tlie  table  the  factor  for  calculating  the  face 
and  flank  radii,  or  the  distances  from  the  pitch  circle  to  the 
lines  of  face  and  flank  centers,  is  the  number  found  by  divi- 
ding the  circnnifcrence  of  the  construction  pitch  circle  by 
the  circular  pitch ;  in  other  words,  instead  of  using  the  actual 
number  of  teeth  in  the  gear,  use  the  number  of  teeth  there 
would  be  in  a  gear  having  the  required  pitch  and  a  diameter 
equal  to  that  of  the  construction  pitch  circle.  In  dividing 
the  circumference  of  the  construction  pitch  circle  by  the  cir- 
cular pitch,  the  result  will  rarely  be  a  whole  number  and 
hence  the  nearest  whole  number  is  taken. 

71.  To  draw  the  outlines  of  the  inner  ends  of  the  teeth, 
draw  a  set  of  arcs  similar  to  those  drawn  for  the  outer  ends, 
using  radii  equal  to  the  distances/' ///,/';/',/' <'/',  and/'w, 
or  /^' ;;/',  ,(,'•' ;/,  /,^'  (/\  and  j^' ;/',  and  lay  out  the  teeth  on  these 
arcs  in  accordance  with  the  general  method  used  for  the 
outer  ends.     It  will  generally  be  better  to  draw  these  arcs 
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with  ihu  same  centers  with  which  the  arcs  for  the  outer  ends 
were  drawn,  ns  shown  in  Pig.  14,  Instead  of  calculating 
the  i>ilch  for  the  inner  ends,  a  convenient  method  of  loca- 
\ing  the  pitch  points  is  to  draw  lines  from  the  centers  ti) 
the  pitch  points  of  the  outer  ends,  as  shown  by  the  dotted 
Mnes/jr,  /y,  gx',  and  g-y.  The  points  where  these  lines 
intersect  the  construction  pitch  circles  for  the  inner  ends  of 
the  teeth  will  be  the  pitch  points  through  which  to  draw  the 
curves  for  the  outlines  of  the  inner  ends. 


WORM-WHEELS   AND  WORMS. 


KINDS    or    WORM-WUEBLS. 

72.  A  worm  and  worm-wheel  ;irr  ;i  rombinatio 
ihine  elements  used  for  transmitting  motion  from  c 

I  another  at  right  angles  to 

The  worm,  as  a  reference 

Fig.  15  will  show,  is  simply 

screw  whose  threads  fit  the 

eelh  of  the  worm-iwlicel. 

73.  In  practice,  a  wnrm- 
'heel  is  made  in  one  (if  the 
dree  different  ways  shown  in 

'ig.  ic.    In  Fig.  in  (,j),  the 

Beth  are  seen  to  he  curved  to 
It  the  worm:  such  a  wheel  is 
III  with  a  hob,  and  is.  hence, 
ailed  a  hobb«d  worm-wheel. 
?hetool  used  for  cutting  it  be- 
Bg  practically  a  duplicate  of 
he  worm,   the   latter  will    fit  ''""  '"■ 

he  worm-wheel;  if  the  cutting  is  carefully  done,  the  con- 
Bct  between  the  worm  and  worm-wheel  is  all  that  can  be 
lesired.     A  hobbed  worm-wheel  should  always  be  used  if 
S.  Vol.  Il.~3'- 
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much  power  is  to  be  transmitted,  as  it  will   outlast  ell 
of  those  shown  in  Fig.  Ifi  (6)  and  {c). 

74.     Referring  to  Fig.  IG  (/>),  the  wheel  is  seen  to  h 
straight  leeth  cut   at  an   angle   to    the  axis;  this  angl 
made  to  suit  the  angle  of  the  helix  of  the  worm.    Obviousr 
the  contact  of  the   threads  of  the  worm  with  the  teeth  C 


such  a  worm-wheel  is  rather  imperfect;  siiice  this  kind  of  a 
worm-wheel  can  be  cut  with  an  ordinary  standard   geai;*. 
cutler  at  an  expense  but  slightly  in  excess  of  that  of  a  sp^ 
gear,  it  is  much  used  for  light  work.     The  worm-wheel  WM 
straight  teeth  .it  an  angle  to  the   axis  is  designed   by  t 
same  rules  as  a  spur  gear;  the  angle  that  the  teeth  i 
with  the  axis  is  determined  by  trial  in  cutting  it. 
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75.  Fig.  16  (c)  shows  a  form  of  worm-wheel  that  is 
occasionally  used  on  gear-cutting  engines  where  a  man  has 
to  take  hold  of  the  gear  and  turn  it  by  hand.  One  advan- 
tage these  teeth  possess  is  that  they  are  so  protected  as 
to  be  less  liable  to  injury  than  those  shown  in  Fig.  16 
{a)  and  {i). 

The  outside  diameter  of  a  worm-wheel  of  this  kind  may 
be  the  same  as  that  of  the  spur  wheel  having  the  same  pitch 
and  number  of  teeth.  For  ordinary  work,  the  notches  are 
frequently  cut  with  a  fly  cutter  set  to  a  radius  slightly 
larger  than  that  corresponding  to  the  outside  diameter  of 
the  worm.  If  a  standard  cutter  of  the  right  pitch  and 
diameter  is  available,  it  should  be  used  in  preference  to  the 
fly  cutter.  Nothing  is  to  be  gained  by  curving  the  face  of 
the  wheel  to  suit  the  worm  when  a  worm-wheel  of  the  kind 
shown  in  Fig.  16  (c)  is  not  to  be  finished  by  bobbing. 
Worm-wheels  of  this  kind  are  frequently  very  carefully  and 
accurately  made  and  used  in  graduating  machines  or  divi- 
ding engines.  Worm-wheels  of  this  kind  may  also  be 
finished  by  bobbing,  but  the  hob  is  not  sunk  into  the  wheel 
to  as  great  a  depth  as  in  the  wheel  shown  in  Fig.  16  (a). 


DESIGNING    WORM-WHEELS. 

76.  The  number  of  teeth  that  a  worm-wheel  must  have 
to  produce  a  given  velocity  ratio  is  found  as  follows: 

Rule. — Multiply  the  number  of  revolutions  that  the  worm 
is  to  make  for  one  revolution  of  the  worm-wheel  by  the  num- 
ber of  threads  of  the  worm. 

Example  1. — If  a  single-threaded  worip  is  to  make  56  revolutions  in 
order  to  revolve  the  worm-wheel  once,  how  many  teeth  should  the 
latter  have  ? 

Solution. — Applying  the  rule  just  given,  we  get  56  X  1  =  56.    Ans. 

Example  2. — If  a  triple-threaded  worm  is  to  make  24  revolutions  in 
order  to  revolve  the  worm-wheel  once,  how  many  teeth  should  the 
latter  have  ? 

Solution. — Applying  the  rule,  we  get  24  x  3  =  72.     Ans. 
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77.  To  design  a  worm-wheel  that  is  to  be  hobbed  and 
has  30  or  more  teeth,  first  of  all  calculate  the  pitch  diam- 
eter ai.  Fig.  17,  as  follows: 


PlO.  17. 

Rule. — Multiply  the  numbtr  of  teeth  by  the  center-to-centcr 
distance  of  adjacent  threads  of  the  -uiorm  and  divide  the  prod- 
uct by  s. urn. 

Observe  that  in  the  case  of  a  single- threaded  worm,  the 
center-to-center  distance  of  adjacent  threads  is  equal  to 
the  amount  the  thread  advances  in  one  revolution,  or  the 
lead  of  the  thread,  hi  the  case  of  a  multiple-threaded 
worm,  the  centcr-to-center  distance  of  adjacent  threads  is 
lead  -T-  number  uf  threads. 

KxAMPi.K.— CalculiitL-  the  pitch  diameter  of  a  worm-wheel  having 
42  teeth  for  a  diiubie- threaded  worm  having  a  lead  of  1  inch. 

Soi.t'THif:. — The  center- to-center  distance  <)f  adjacent   threads  uf 
the  worm  is  1  -r-  2  ^  .5  inch.     Applying  the  rule,  we  gel 
42x.t 


,1416 


(l.flH4  ii 


7S.     The   throat  diameter   of   the  w 
Fig.  17,  is  calculated  as  follows: 

Rule— /?/j7V/^  tuna-  the  pitch  diamctc 

Hi  to  the  pitch  diameter. 

example  ijiven  in  .\rt,  7  7.  what  shm 


teeth  a 


add  the  qh 
i,— Taking 


r  by  the  number  of 


-Ajiplying  the  rule,  ' 


§  17  GEAR-CUTTING.  41 

79.  In  accordance  with  Brown  &  Sharpe  practice,  the 
depth  c c  of  the  tooth  is  calculated  by  the  following  rule: 

Rule. — Multiply  the  ccntcr'tO'Ccntcr  distance  of  adjacent 
threads  of  the  worm  by  ,6866, 

Example. — Taking  the  same  example  as  was  given  in  Art.  77, 
what  should  be  the  depth  of  the  teeth  ? 

Solution. — The  center-to-center  distance  of  adjacent  threads  of  the 
worm  is  .5  inch.     Applying  the  rule  just  given,  we  have 

.5  X  .6866  =  .3433  in.     Ans. 

The  diameter  of  the  blank  is  most  conveniently  obtained 
by  measuring  a  scale  drawing  of  the  worm-wheel.  The 
angle /may  be  made  from  60°  to  90°. 

80.  When  the  worm-wheel  has  less  than  30  teeth,  cal- 
culate the  pitch  diameter  by  the  rule  given  in  Art.  77,  and 
the  depth  of  the  teeth  by  the  rule  given  in  Art.  79 ;  the 
throat  diameter  is,  however,  to  be  calculated  by  the  follow- 
ing rule: 

Rule. — Multiply  the  product  of  the  centcr'to-ccnter  dis- 
tance of  adjacent  threads  of  the  ivorm  and  the  number  of  teeth 
of  the  ivorm-ivheel  by  .^98.  Add  to  it  1.27S  times  the  center- 
to-center  distance  of  adjacent  threads  of  the  zuorm. 

Example. — Find  the  throat  diameter  for  a  worm-wheel  with  24  teeth 
meshing  with  a  single-threaded  worm  having  a  lead  of  .75  inch. 

Solution. — Since  the  worm  is  single-threaded,  the  center-to-center 
distance  of  adjacent  threads  is  .75  inch.     Applying  the  rule,  we  get 

.75  X  24  X  .298  +  1.273  X  .75  =  6.319  in.     Ans. 

I 


DESIGNING  THE  WORM. 

81.  The  velocity  ratio  of  a  worm  and  worm-wheel 
is  independent  of  the  relative  pitch  diameters  of  the 
worm-wheel  and  worm,  from  which  fact  it  follows  that 
in  designing  a  worm  and  worm-wheel  for  a  given  center- 
to-center  distance,  we  have  the  choice  of  many  different 
designs.      One   good    method   of   procedure    is   as   follows: 
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For  the  worm,  choose  some  convenient  lead  of  thread  that 
can  be  cut  readily  in  an  engine  lathe.  From  this,  compute 
the  pitch  diameter  of  the  worm-wheel.  Subtract  half  the 
pitch  diameter  of  the  worm-wheel  from  the  center-to-cemer 
distance  and  double  the  remainder,  in  order  to  obtain  the 
pitch  diameter  of  the  worm.  If  a  comparison  of  the  pitch 
diameter  of  the  worm  with  the  pitch  diameter  of  the  worm- 
wheel  shows  the  former  to  be  larger  than  is  considered  de- 
sirable, choose  a  coarser  thread  for  the  worm  and  again 
compute  the  pitch  diameters.  Repeat  this  series  of  opera- 
tions until  the  ratio  of  the  two  pitch  diameters  is  considered 
to  be  about  right. 

82.     The  pitch  diameter  a  of  the  worm,  as  represented 
by  the  lines  be  and  de.  Fig.  18,  should  always  be  computed 


as  stated 
teeth,  <-a 


.81.     When  the 


wheel  has  .10  or  more 
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Rule. — Multiply  the  distance  f  from  center  to  center  of 
adjacent  threads  of  the  worm  by  .6366  and  add  the  product 
to  the  pitch  diameter  of  the  worm, 

ExAMPLS. — A  triple-threaded  worm  is  to  have  a  pitch  diameter  of 
3  inches  and  a  lead  of  thread  of  1.5  inches.  What  should  be  the 
diameter  of  the  blank  for  the  worm  ? 

Solution. — Since  the  worm  is  triple-threaded,  the  center-to-center 
distance  of  adjacent  threads  is  1.5  +  3  =  .5  inch.  Applying  the  rule 
just  given,  we  get 

8  -h  .5  X  .6366  =  3.818  in.     Ans. 

83.  The  total  depth  g  -\-  h  oi  the  worm-thread  is  equal 
to  the  depth  of  tooth  of  the  worm-wheel,  and  is,  hence,  to 
be  calculated  by  the  rule  given  in  Art.  79. 

84.  The  width  /',  Fig.  18,  of  the  space  between  threads 
at  the  top  is  to  be  calculated  as  follows: 

Rule. — Multiply  the  center-to-cejiter  distance  of  adjacent 
threads  by  .665. 

Example. — Taking  the  same  worm  as  in  the  example  in  Art.  82, 
what  should  be  the  width  of  the  thread  at  the  top  ? 

Solution. — Applying  the  rule,  we  get 

.5  X  .665  =  .333  in.     Ans. 

85.  The  width  y.  Fig.  18,  of  the  bottom  of  the  space 
between  the  threads  is  to  be  found  as  follows: 

Rule. — Multiply  the  ccnter-to-center  distance  of  adjacent 
threads  of  the  worm  by  .31. 

ExAMPLB. — Calculate  the  width  of  the  space  between  threads  of  the 
worm  mentioned  in  the  example  given  in  Art.  82. 

Solution. — Applying  the  rule  just  given,  we  get 

.5  X  .31  =  .155  in.     Ans. 

If  the  dimensions  of  the  space  between  the  threads  are 

calculated  by  the  rules  given   in  Arts.   79,  84,  and  85, 

I    the  angle  between  the  sides  of  the  thread  will  be  almost 

exactly  29°,  which  is  the  standard  angle  for  worm-threads 

that  has  been  almost  universally  adopted. 
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86.  The  outside  diameter  of  a  worm  intended  for  a 
worm-wheel  having  less  than  30  teeth  and  having  a  throat 
diameter  made  in  accordance  with  the  rule  given  in  Art.  SO, 
and  a  depth  of  tooth  made  in  accordance  with  the  rule  given 
in  Art.  79,  may  be  calculated  as  follows: 

Rule. — Multiply  the  number  of  teeth  of  the  worm-wheel 
by  the  center-to-center  distance  between  adjacent  threads  of 
the  worm,  and  multiply  the  product  by  .  H9,  Subtract  the 
last  product  from  the  center-to-center  distance  between  the 
worm  and  worm-wheel,  and  multiply  the  remainder  by  2. 

Example.  —  The  center-to-center  distahce  between  a  worm  and 
worm-wheel  is  3  inches.  The  worm-wheel  has  24  teeth,  the  worm  is 
single-threaded  with  a  lead  of  thread  of  .5  inch.  What  should  be  the 
outside  -diameter  of  the  blank  for  the  worm  ? 

Solution. — Applying  the  rule  just  given,  we  get 

2  X  (3  -  24  X  .5  X  .149)  =  2.424  in.     Ans. 

87.  The  outside  diameter  of  the  blank  for  the  worm 
having  been  calculated  by  the  rule  given  in  Art.  86,  the 
space  between  the  threads  of  the  worm  is  to  be  made  accord- 
ing to  the  rules  given  in  Arts.  79,  84,  and  85. 


GEAR-CUTTING 

(PART  2.) 


SYSTEMS  AND  PROCESSES. 


SYSTEMS. 

1.  There  are  two  general  systems  of  forming  gear-teeth 
by  cutting  operations,  which  may  be  called  the  duplication 
and  the  generation  systems. 

2.  In  the  duplication  system,  the  cutting  tool  either 
has  a  profile  corresponding  to  the  shape  of  the  space  between 
two  gear-teeth,  or  it  has  a  cutting  point,  or  edge,  that  is 
guided  by  a  templet.  In  either  case,  the  cutting  tool  merely 
duplicates  a  tooth  outline,  but  does  not  generate  one.  From 
this  it  follows  that  under  the  duplication  system  the  correct- 
ness of  the  tooth  curves  depends  primarily  on  the  degree 
of  accuracy  within  which  the  profile  of  the  cutting  tool  or  of 
the  templet  represents  the  true  tooth  curve.  This  consid- 
eration involves  a  duplication  of  any  errors  that  may  exist 
in  the  cutter,  or  a  reproduction  to  a  reduced  scale  of  any 
errors  of  the  templet. 

3.  The  sreneration  system  will,  in  general,  produce 
more  accurate  tooth  curves  than  the  duplication  system. 
As  implied  by  the, name,  the  tooth  curves  are  generated 
mechanically  for  each  tooth ;  in  consequence,  the  errors  are 
very  small. 

§17 
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METHODS  AND  PROCESSES. 

4,  In  each  system  of  gear-cutting  there  area  number  of 
different  processes  by  means  of  which  gear-teeth  may  be 
formed ;  the  processes  most  commonly  used  are  here  briefly 
explained. 

5.  There  are  two  distinct  and  radically  different  proc- 
esses in  the  duplication  system,  both  of  which  are  used  in 
practice.  Incidentally,  it  may  be  remarked  that  at  present 
the  duplication  system  is  the  one  in  most  general  use.  The 
two  processes  in  that  system  are  called  the  formed-cutter 
process  and  the  templet-planing  process. 


FORMBD-CUTTER  PROCESS. 

6.  In  the  formed-cutter  procesH,  a  rotary  cutter 
(a  formed  milling  cutter)  or  a  planer  tool  having  a  profile 
equal  to  the  space  between  two  teeth  is  used  for  milling  or 
planing  out  the  spaces,  thus  reproducing  its  own  profile 
within  a  reasonable  limit  of  variation.  In  this  process,  the 
gear  blank  remains  stationary  while  a  space  is  being  cut; 
that  is,  it  does  not  revolve  about  its  axis  during  the  cutting 
operation.  Upon  the  completion  of  each  space,  the  blank  is 
revolved  the  proper  part  of  a  revolution,  which  is  measured 
or  ol)tained  by  the  aid  of  some  suitable  indexing  mechanism. 
On  the  whole,  it  will  be  found  that  the  best  work  can  be 
done  with  a  formed  milling  cutter,  which  not  only  will  work 
faster,  but,  also,  ])y  reason  of  its  numerous  cutting  edges 
and  its  peculiar  formation,  will  preserve  its  profile  much 
longer  than  the  planing  tool  with  its  single  cutting  edge. 

7.  The  formed-cutter  process,  in  which  a  formed  milling 
cutter  is  employed,  is  at  present  the  one  in  most  extensive 
use  for  the  cutting  of  spur  gears  and  sprocket  wheels;  it  is 
also  largely  used  for  bevel  gears,  although,  by  reason  of  the 
tooth  profile  changing  in  size  throughout  the  length  of  the 
face  of  a  bevel  gear,  the  formed-cutter  process  can,  at  its 
best,  produce  only  an  approximately  correct  bevel  gear. 
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8.  The  use  of  a  formed  planing  tool  is  inadvisable  when 
conditions  permit  a  formed  milling  cutter  to  be  employed; 
the  planing  tool  is  convenient,  however,  for  some  work,  and 
allows  a  machine  like  a  slotter,  a  key  seater,  a  shaper,  or  a 
planer  to  be  used  for  work  beyond  the  range  of  a  milling 
machine  or  gear-cutting  machine,  and  in  isolated  cases  will 
allow  gears  to  be  cut  when  no  machine  fitted  for  a  rotary 
cutter  is  available. 


TEMPLET-PLANIXG    PROCESS. 

9*  In  the  templet-planing  procens,  a  round  pointed 
planing  tool  is  guided  by  a  properly  shaped  templet  through 
the  intervention  of  suitable  mechanism,  and  copies  the  pro- 
file given  by  the  templet  either  to  the  same  scale  or  to  a 
reduced  scale.  This  process  is  chiefly  used  for  planing  the 
teeth  of  bevel  gears  and  miter  gears,  and  involves  the  u.se 
of  a  special  machine.  The  teeth  of  spur  gears  and  sprocket 
wheels  can  be  cut  with  the  templet-planing  process,  but  not 
as  fast  as  with  the  formed-cutter  process. 


CONJUGATE-TOOTH  METHOD. 

10«  There  is  but  one  method  of  generating  correct  tooth 
curves  that  has  come  into  practical  use.  This  is  called  the 
conjusate-tootti  method,  since  conjugate  teeth  are  pro- 
duced by  it. 

In  mechanics,  two  gear-teeth  are  said  to  be  conjugate 
when  the  form  of  the  driven  tooth  in  respect  to  that  of  the 
driving  tooth  is  such  that  a  uniform  motion  of  the  latter 
will  produce  a  uniform  motion  of  the  former,  i.  e.,  when  the 
motion  is  the  same  as  that  of  two  pitch  cylinders  rolling 
together  without  slipping. 

11.  Mold  ins-Plan  in  JUT  Process. — Rotary  cutters  or 
planing  tools  formed  to  the  profile  of  a  gear-tooth  having 
the  correct  size  may  be  used  for  generating  conjugate  teeth 
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on  a  gear  blank.  In  order  to  form  these  teeth  in  one  process, 
a  planing  tool  is  made  in  the  form  of  a  gear-wheel,  and  is 
reciprocated  past  the  gear  blank,  to  which  it  is  connected 
in  such  a  manner  that  the  cutter  and  blank  will  turn  together 
about  their  axes  as  if  they  were  a  gear  and  pinion  meshing 
together.  The  rotation  takes  place  when  the  pinion  acting 
as  a  cutter  is  clear  of  the  blank. 

12.  This  process  of  generating  conjugate  teeth  is  tech- 
nically known  as  the  moldlns-planlns  process ;  while  it 
is  an  old  and  fairly  well-known  process,  it  has  come  into  prac- 
tical use  but  very  recently.  Its  introduction  is  due  to  the 
Fellows  Gear  Shaper  Company,  of  Springfield,  Vermont,  who 
have  succeeded  in  devising  mechanical  means  of  making  for 
this  purpose  hardened-steel  cutters  with  a  degree  of  accu- 
racy so  great  that  the  errors  in  the  tooth  curves  of  the 
cutter  are  practically  insensible.  The  process  is  very  well 
adapted  for  spur  gears,  sprocket  wheels,  and  internal  gears, 
but  has  at  present  not  been  extended  to  screw  gears.  It  is 
claimed  that  not  only  will  the  teeth  be  more  correctly 
formed  by  this  process,  but  that  gears  can  also  be  cut  at  less 
cost  than  by  any  other  process. 

1 3.  SinKle-Tootli     MoldiiiK-PIaninK      Process.  — 

There  is  one  process  of  forming  conjugate  teeth  by  planing 
in  whicii  a  single-tooth  planing  tool  is  used;  from  this  fact 
it  is  called  the  slnn^le-tooth  moldint^-planinfj^  process. 

It  is  used  in  practice  for  originating  the  tooth  curves  of 
bevel  gears,  and  will  be  explained  in  detail  farther  on. 

14.  MoIdinK-MilHnK  Process. — A  series  of  rotary 
cutters  placed  alongside  each  other  and  having  a  longitudi- 
nal section  equal  to  that  of  a  rack  of  the  same  pitch  as  the 
gear  to  be  cut,  may  be  used  for  generating  gear-teeth  con- 
jugate to  those  of  the  rack  whose  section  is  represented  by 
the  cutter.  Gears  having  different  numbers  of  teeth  thus 
formed  will  run  together  correctly;  for,  since  any  gears 
thus  formed  have  teeth  conjugate  to  the  rack,  it  follows 
that  the  teeth  of  any  two  gears  are  also  conjugate  to  each 
other.      The  cutters  are  given  an  axial  motion  equivalent 
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to  that  of  a  rack,  and  after  passing  clear  around  the 
gear  blank  are  traversed  a  little  over  its  face;  the  gear 
blank  is  positively  rotated  just  as  if  it  were  in  mesh  with 
the  generating  rack,  and,  in  consequence,  gear-teeth  conju- 
gate to  those  of  the  rack  are  generated.  This  process  may 
be  called  the  inoldlnff-nilllins  process;  it  has  been  put 
into  practical  use  in  a  modified  form  by  Mr.  Ambrose 
Swasey,  of  the  firm  of  Warner  &  Swasey,  Cleveland,  Ohio. 

15.  Hobbing  Process. — There  is  one  case  of  genera- 
ting conjugate  teeth  by  a  rotary  cutter  that  is  in  general 
use.  This  case  is  the  making  of  accurate  worm-wheels  by 
bobbing;  the  hob  is  a  special  form  of  a  rotary  cutter,  and 
produces  teeth  conjugate  to  those  of  a  worm. 


DUPLICATION  SYSTEM. 


FORMED-CUTTER  PROCESS. 


INTRODUCTION. 

16.  When  a  planing  tool  is  to  be  used  for  cutting  gear- 
teeth,  the  exact  tooth  form  of  opposite  sides  of  two  adjacent 
teeth  is  laid  out  on  a  piece  of  sheet  metal,  as  sheet  zinc,  and 
a  templet  is  then  formed  to  which  the  planing  tool  is  fitted. 

Milling  cutters  for  all  the  standard  diametral  pitches  in 
use  can  be  obtained  from  manufacturers  making  a  specialty 
of  this  work.  Such  cutters  are  made  by  the  use  of  special 
machinery,  and  are  so  accurately  and  cheaply  made  that  it 
does  not  pay  any-  one,  as  a  general  rule,  to  make  them 
himself. 


STANDARD  CUTTBRS. 

17.  While,  correctly  speaking,  there  should  be  a  differ- 
ently shaped  cutter  for  every  number  of  teeth  in  a  gear  of 
the   same    pitch,    it    has    been    shown    practically  that   the 
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divergence  of  the  tooth  cupves  is  so  gradual  that  one  cutter 
may  be  made  to  answer  for  several  numbers  of  teeth  with- 
out introducing  any  serious  error. 

In  the  cycloidal  system  of  gearing  there  are  24  cutters  in 
a  set  for  each  diametral  pitch.  Incidentally,  it  may  be  re- 
marked that  the  cycloidal  system  is  commonly  miscalled  the 
epicycloidal  sy^i^ixi\  in  fact,  all  manufacturers  stamp  cutters 
intended  for  the  cycloidal  tooth  form  **  Epicycloidal,'*  and 
refer  to  them  by  that  name.  In  the  involute  system  of  gear- 
ing there  are  8  cutters  in  a  set.  A  set  of  cutters  comprises 
all  the  cutters  required  for  gears  above  12  teeth  up  to  and 
including  the  rack,  and  will  cut  gears  that  are  interchange- 
able. The  different  cutters  of  each  set  are  designated  by 
the  different  makers  by  letters  or  figures;  the  accompanying 
Table  of  Standard  Cutters  gives  the  designating  marks  and 
the  number  of  teeth  of  the  gear  for  which  the  cutter  can  be 
used.  For  instance,  by  referring  to  the  table  it  is  seen  that 
a  number  21  Pratt  &  Whitney  epicycloidal  cutter  is  intended 
for  gears  having  from  100  to  149  teeth,  inclusive  of  both 
numbers,  and  a  Brown  &  Sharpe  epicycloidal  cutter  desig- 
nated by  the  letter  S  is  intended  for  gears  having  from 
60  to  74  teeth,  inclusive  of  both.  Likewise,  a  number  2 
involute  cutter  is  intended  for  gears  having  between  56 
and  134  teeth,  inclusive  of  both. 


STANDARD  PITCHES. 

18.  The  standard  diametral  pitches  that  Pratt  &  Whit- 
ney make  epicycloidal  cutters  for  are  as  follows:  1^,  2,  2^, 
3,  3i,  4,  5,  6,  7,  8,  9,  10. 

The  standard  diametral  pitches  that  Brown  &  Sharpe 
make  epicycloidal  cutters  for  are  as  follows:  3,  4,  5,  G, 
8,  10. 

On  a  special  order.  Brown  &  Sharpe  furni.sh  the  following 
pitches  for  epicycloidal  cutters:  2,  2J,  2.J,  2i,  3 J,  7,  1),  12, 
14,  16. 

Involute  cutters  can  be  obtained  on  regular  order  for  the 
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following  diametral  pitches:  3,  4,  5,  6,  7,  8,  9,  10,  11,  12, 
14,  16,  18,  20,  22,  24,  26,  28,  30,  32,  36,  40,  48. 

On  special  order.  Brown  &  Sharpe  will  furnish  involute 
cutters  for  the  following  diametral  pitches:  2,  2^,  2\, 
2f,  3i,  3i,  3i,  4|,  5i,  13,  15,  38,  44.  50,  56,  60,  64,  70, 
80,  120. 

Cutters  for  other  pitches  can  usually  be  furnished  by  manu- 
facturers to  order,  but  naturally  only  at  an  advance  in  price. 
Neither  epicycloidal  nor  involute  cutters  are  regularly  in  the 
market  for  gears  designed  on  the  circular-pitch  system ;  such 
cutters  can  be  obtained  only  on  special  order  at  a  propor- 
tionate advance  in  price. 


DBPTH  OF  CUT. 

19.  Calculating  tlie  Deptti. — The  correct  depth  of 
cut  for  standard  epicycloidal  and  involute  cutters  made 
according  to  the  Brown  &  Sharpe  system  is  calculated  as 
follows: 

Rule. — Divide  2.157  iy  the  diauictral pitch. 

Example. — Find  the  proper  depth  of  cut  for  a  2-pitch  Brown  & 
Sharpe  cutter. 

Solution. — Applying  the  rule  just  given,  we  get 

2. 1 57 

— _  -  =  1.078  in.,  nearly.     Ans. 

20.  For  epicycloidal  cutters  made  by  Pratt  &  Whitney, 
the  correct  depth  of  cut  is  obtained  as  follows: 

Rule. — Divide  '2.125  by  the  diametral  pitch. 

Example. — Find  the  depth  of  cut  of  a  standard  0-pitch  Pratt  & 
Whitney  epicych)idal  cutter. 

Solution. — Applying  the  rule  just  given,  we  have 

2  125 
'  "  —  .1554  in.,  nearly.     Ans. 

21.  Setting  Cutter  for  Depth. — The  cutter  may  be 
set  to  the  correct  depth   l)y  observing  the  indication  of  the 
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graduated  dials  on  the  feed-screws.  If  the  gear  blank  has 
been  turned  to  the  correct  size,  the  cutter  is  first  set  to  touch 
the  blank;  it  is  then  run  clear  of  the  blank  and  the  axes  of 
the  cutter  and  blank  are  brought  together  an  amount  equal 
to  the  calculated  depth  of  cut.  When  the  gear  blank  is 
under  size,  one-half  of  the  difference  between  the  true  diam- 
eter and  the  actual  diameter  should  be  subtracted  from 
the  calculated  depth  of  cut;  the  remainder  will  be  the  depth 
to  which  the  cutter  is  to  be  set.  If  the  gear  blank  is  over 
size,  it  should  be  turned  down. 


^ 


22.  G«ar-Tootli-Deptti  Gauge. — When  the  blank 
has  been  turned  to  the  correct  size,  a  gear-toot h-deptli 
srauge  may  be  used  for  mark- 
ing the  correct  depth  of  cut  on 
the  blank.  Such  a  gauge  is 
shown  in  Fig.  1.  It  has  at 
one  end  a  rectangular  slot,  the 
width  of  which  is  made  equal 
to  the  depth  of  cut  for  the 
diametral  pitch  the  gauge  is 
intended  for.  The  point  a  is 
hardened  and  is  used  for  scri- 
bing a  line  representing  the  cor- 
rect depth  of  tooth  on  the 
blank,  by  applying  the  gauge 
as  shown  in  the  illustration 
and  observing  the  precaution 
of  holding  it  radially  during 
the  scribing.  The  cutter  is  then  sunk  into  the  blank  to 
the  depth  indicated  by  the  scribed  line. 


Fig.  1. 


GANG  CUTTERS. 

23.     Two  or  more  specially  shaped  cutters  may  be  placed 
igside  each  other  at  a  distance  equal  to  the  pitch,  and 
used  for  cutting  the  teeth  in  the  same  manner  as 
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ordinary  single   cutters.     When   several   cutlers  are   ili^ 
placed,  they  are  calleil  Eans  cutters.     They  may  be  < 
vidcd  into  two  classes,  whirh  are:     (a)  Gang  cutters  ihi 
finish  teeth  to  an  approximate  shapt ;  (/')  gang  cutters  th4 
finish  teeth  to  exact  shape. 

24.  The  Clougli  duplex  cutter  belongs  to  the  Rti 
class,  since  one  gang  of  two  cutters  made  as  sho' 
Fig.  2  (rf)  is  used  for  all  gears  of  the  same  pitch.  For  ged 
of  more  than  30  leeth,  the  teeth  are  finished  entirely  by  t 
inside  faces  of  the  culters,  as  shown  in  Fig,  3  [b]  al  a;  gert 
having  a  smaller  number  of  teeth  have  the  flanks  of  the  lee) 
finished  by  the  outside  faces  of  the  cutters,  and  the  facesd 


the  teeth  by  the  inside  faces  of  the  cutters,  as  shown  at  J  fl 
the  same  figure.      Gears  cut  with   these  cutlers  wi 
approximately  involute  teeth,  and  different  gears  cut  by  iid 
same  cutler  will   run  together   fairly  well.     Their   moti4| 
obviously  cannot  be  as  exact  as  that  of  wheels  cut  by  a  c 
reel  single  cutter.    These  duplex  cutters  are  laid  out  in  s 
a  manner  that  the  wheels  cut  by  them  will  mesh  and  i 
with  gears  cut  with  regular  involute  standard  cutters. 
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The  Gould  &  Kberhartit  ganE  cutter  is  an  ex- 

ple  of  a  cutter  beloiigitig  to  llie  seo.nul  class.     If  the  teeth 

a  gear-wheel  be  examined,  it  will 
be  found  that  usually  several  nf  tlu-ni 
can  be  cut  at  once  if  the  cutter  is 
shaped  to  conform  to  the  loiith  oul- 
lines,  Thus,  in  Fig.  3,  the  cutler  n 
conforms  to  the  space  a' ;  the  cutler  i 
conforms  to  the  space  (*',  and  as  its 
intra!  plane  perpendicular  to  its 
if  rotation  passes  through  the 
*]tis  of  the  gear,  it  is  a  standard  cut- 
ter. Finally,  the  cutter  c  conforms 
to  the  space  ^'.  By  employing  three 
gang  cutters  thus  formed,  three  teeth 
can  be  cut  at  a  time,  and,  hence,  the 

indexing  would  be  done  for  three  teeth  instead  of  one.  In 
consequence  of  this,  a  gear  can  be  cut  in  less  time  than  is 
required  for  cutting  it  with  a  single  cutter,  but  owing  to  the 
increased  healing  it  cannot  be  cut  in  one-third  of  the  time. 
Since  such  gang  cutters  can  have  the  correct  shape  for  only 
one  size  of  a  gear,  it  follows  that  a  separate  gang  is  required 
for  each  size. 

The  Gould  &  Eberhardt  gang  cutter  is  intended  primarily 
for  manufacturing — that  is,  making  a  large  number  of  equal 
gears — and  in  its  special  field  is  obviously  faraheail  of  the 
ordinary  single  cutter.  The  large  number  of  gangs  required 
to  cover  the  whole  range  of  gears  of  each  pitch  makes  it 
rather  unsuitable  for  jobbing  work. 

IHACHIXCRV 
26.  In  the  formed-cutter  process,  where  a  milling  cut- 
r  is  used,  the  gear  may  be  cut  either  in  a  plain  milling 
achine  fitted  with  a  suitable  indexing  attachment,  or  in  a 
universal  milling  machine,  or  in  a  regular  gear-cutting 
engine. 


AXI>  ATTACHMENTS. 
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27.  Gear-Cutting  Attachment. — The  simplest  form 
of  gear-cutting  attacliment  does  not  differ  in  principle  from 
that  of  the  plain  index  centers,  except  that  the  index  plate 
has  only  one  row  of  holes  and  thus  a  rather  limited  range  of 
usefulness.  Other  attachments  have  a  large  index  plate 
and  a  number  of  different  rows  of  holes  so  as  to  extend  their 
range  of  usefulness.  Sometimes  a  stil!  more  elaborate 
device,  like  that  shown  in  Fig.  4,  is  employed.  In  this  the 
gear  blank  is  mounted  on  a  mandrel  and  placed  between  the 
centers  a  and  d,  or  it  may  be  mounted  upon  an  arbor  placed 
in  the  spindle  in  place  of  the  center  a.  Inside  of  the  gn.ird  c 
there  is  a  worm-wheel 
which  is  operated  by  a 
worm  on  the  shaft  /, 
and  the  indexing  is  done 
by  means  of  an  index 
plate  d.     The  device  is 


so  arranged  that  the  worm  upon  the  shaft  can  be  disengaged 
from  the  worm-wheel  in  the  case  r,  the  worin- wheel  rotated  by 
han(l,aiuiaplaiii  index  pin  used  in  the  holes  in  the  back  nf  the 
plate.  The  attachment  sh<)wn  can  ordinarily  be  used  only  for 
sjuir  gears  and  sprocket  wheels;  when  fitted  to  a  universal 
milling  machine,  it  can  also  be  used  for  gashing  worm-wheels. 

28.  When  a  universal  milling  machine  is  available,  spur 
gears,  worm-gears,  sprocket  wheels,  screw  gears,  and  bevel 
gears  can  be  cut;  but  bevel  gears  can  be  cut  only  appnKxi- 
niately  correct. 

29.  Cear-Cuttliitt  KnKlne,  — A  regular  spur  gear- 
cutting  engine  is  only  a  special  form  of  a  milling  machine. 
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and  differs  from  it  chiefly  in  that,  as  a  general  rule,  the 
indexing  and  also  the  running  back  of  the  cutter  is  done 
automatically. 

Pig.  5  shows  one  form  of  an  automatic  spur  gear -cutting 
engine  built  by  Gould  &  Eberhardt,  Newark,  New  Jersey. 
The  gear  blank  is  fastened  in  some  suitable  maimer  to  the 
spindle  n;  generally,  an  arbor  is  used,  which,  in  the  de- 
sign shown,  is  supported  at  its  outer  end  by  the  adjustable 


outboard  bearing  6.  Upon  the  spindle  is  fastened  a  worm- 
wheel  that  is  enclused  in  a  guard  c  in  order  to  protect  it; 
a  worm  meshes  with  the  worm-wheel  and  is  in  turn  oper- 
ated by  change  ge;irs  that  revolve  it  a  definite  part  of  a 
revolution  each  lime  the  cutter  is  clear  of  the  gear  blank 
and  before  it  begins  to  cut.     The  cutter   is  carried   in  a 
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slide  d  that  is  moved  parallel  to  the  axis  of  the  spindle  a, 
and  is  fed  automatically  to  the  work  and  returned.  The 
cutter  is  adjusted  for  depth  by  lowering  the  gear  blank. 
A  limited  side  adjustment  is  usually  provided  for  the  cutter 
to  allow  cutters  of  different  thicknesses  to  be  set  central. 

30«  Automatic  gear-cutting  engines  are  often  arranged 
so  that  they  can  be  used  for  cutting  approximately  correct 
bevel  gears.  The  slide  that  carries  the  cutter  is  then  ar- 
ranged in  such  a  manner  that  it  can  be  set  at  the  required 
angle  to  the  axis  of  the  spindle. 

31  •  Change  Gearing. — The  gearing  that  revolves  the 
shaft  carrying  the  worm  is,  as  a  general  rule,  actuated  by  a 
so-called  stop-shaft,  which  is  provided  with  a  suitable 
clutching  mechanism  operated  by  the  cutter  slide.  This 
clutching  mechanism  is  so  arranged  that  it  allows  the  stop- 
shaft  to  make  exactly  one  revolution  whenever  the  return- 
ing cutter  slide  unlocks  it.  The  change  gears  that  will 
produce  a  certain  number  of  divisions  are  selected  in  ac- 

...  .     teeth  in  worm-wheel      ,.  . 

cordance  with  the  ratio  \ -. .     In  case  ot 

teeth  to  be  cut 

simple  gearing,  this  is  the  simple  ratio  that  gears  are  to  be 
selected  for;  in  case  of  compound  gearing,  it  is  the  com- 
pound ratio,  which  is  resolved  into  factors.  The  gears  are 
selected  in  the  same  manner  as  is  done  in  gearing  a  lathe 
for  thread  cutting  or  a  milling  machine  for  the  cutting  of 
helixes. 

In  adjusting  the  gear-cutting  engine,  the  tripping  ar- 
rangeiilent  for  the  stop -shaft  clutching  mechanism  must  be 
set  so  that  it  will  act  only  after  the  cutter  on  its  return 
stroke  is  entirely  clear  of  the  gear. 


CUTTING  BKVEL  OKARS  1^'ITH  FORMED  CUTTERS. 

32.  Selecting  the  Cutter. — While  bevel  gears  cut 
with  a  cutter  of  fixed  curve  can  be  only  approximately  cor- 
rect, the  comparative  cheapness  of  this  method  has  led  to  its 
being  largely   used.     The  ordinary  cutters  made  for  spur 
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wheels  should  never  be  used  for  this  purpose,  as  they  will 
cut  the  teeth  of  the  bevel  gear  entirely  too  thin  at  the 
small  end.  Special  miter-gear  and  bevel-gear  cutters  are 
made  for  this  purpose;  these  cutters  are  of  the  involute 
form,  but  thinner  than  the  standard  cutters.  They  are 
numbered  from  1  to  8,  and  cover  the  same  range  as  the 
standard  involute  cutters.  A  bevel-gear  cutter  cannot  be 
selected  in  the  same  manner  as  the  ordinary  spur-gear  cut- 
ter, that  is,  directly  in  accordance  with  the  number  of 
teeth  of  the  bevel  gear.  It  is  to  be  selected,  instead,  for  a 
number  of  teeth  that  is  calculated  by  one  of  the  rules  given 
below,  the  first  of  which  is  as  follows: 

Rule. —  To  find  the  number  of  teeth  a  bevel-gear  cutter  is 
to  be  selected  for  ^  divide  the  number  of  teeth  of  the  bei^el  gear 
by  the  natural  cosine  of  the  center  angle  a  d  e^  Fig.  6. 

Example.  —  The  center  angle  of  a  bevel  gear  having  24  teeth 
is  53**  15'.     What  number  of  teeth  should  the  cutter  be  selected  for  ? 

Solution. — The  cosine  of  53"  15'   is  .50832.     Applying  the  rule, 

24 
^^  S^^    RQQQo  =  ^^  teeth.    Referring  to  the  Table  of  Standard  Cutters. 

we  find  that  for  gears  having  between  35  and  54  teeth,  a  No.  3  cutter 
is  to  be  used.     Hence,  use  a  No.  3  bevel-gear  cutter.     Ans. 

33.  When  a  drawing  of  the  bevel  gear  is  available,  use 
the  following  rule: 

Rule. — Measure  the  slant  height  of  the  back  cone,  as  a  b 
in  Fig.  0;  double  it  and  multiply  by  the  diametral  pitch. 
The  product  will  be  the  number  of  teeth  the  cutter  is  to  be 
selected  for. 

Example. — The  slant  height  bf  the  back  cone  being  5  inches,  and 
the  diametral  pitch  being  4,  whaf  number  of  bevel-gear  cutter  is 
to  be  used  ? 

Solution. — Applying  the  rule  just  given,  we  get  5  X  2  x  4  =  40 
teeth.  Referring  to  the  Table  of  Standard  Cutters,  it  is  seen  that 
a  No.  3  bevel-gear  cutter  is  to  be  used.     Ans. 

34.  Setting:  the  Machine. — The  cutter  having  been 
selected,  place  it  on  its  arbor ;  put  the  gear  blank  into  the 
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cutting  angle.  Now, 
the  gear  blank;  then 
set  it  to  the  cor- 
rect depth  of  cut, 
measuring  at  the 
large  end  of  the 
blank,  and  cut  two 
adjacent  tooth 
spaces,  as  b  and  r 
in  Fig.  7,  which 
leaves  the  tooth  a 
rather  too  thick. 
Set  the  cutter  off 
center  an  amount 
equal  to  about  ^'„ 
the  thickness  of 
the  tooth  a  at  the 
large  end.  Now, 
revolve  the  gear 
blank  toward  the 
cutter  until  the 
latter  will  enter 
one  of  the  central 
gear  and  cut  the  one 
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obtained  by  dividing  the  circumference  of  the  pitch  circle 
by  twice  the  number  of  teeth,  it  shows  that  the  cutter  must 
be  set  farther  off  center.  This  having  been  done,  the  blank 
is  rolled  toward  the  cutter  and  both  sides  of  the  tooth  a  are 
cut  again,  and  the  cycle  of  operations  is  repeated  until  the 
tooth  is  of  the  correct  thickness  at  the  large  end.  The 
gear  blank  can  now  be  cut,  first  setting  the  cutter  off  center 
one  way  the  amount  determined  by  trial  and  cutting  all 
around  the  gear,  and  then  setting  it  off  center  the  other 
way  and  going  around  once  more. 

35«  The  method  given  in  Arts.  32,  33,  and  34  will 
answer  fairly  well  for  teeth  that  are  shorter  than  J  the  slant 
height  of  the  pitch  cone;  it  will  leave  the  teeth  correct  at  the 
large  end,  but  not  rounding  enough  at  the  small  end.  The 
teeth  must  consequently  be  dressed  with  a  file. 

36«  Gear-Tootli  Caliper. — A  good  form  of  a  caliper 
for  measuring  the  thickness  of  the  gear-teeth  is  shown  in 
Fig.  8.     The  vertical  slide  a  is  first  set  until  the  reading  of 
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FlO.  8. 


its  vernier  is  equal  to  the  calculated  addendum  of  the  tooth ; 
the  caliper  is  then  applied  to  the  gear  with  the  slide  a  resting 
on  top  of  a  gear-tooth,  as  shown,  and  the  horizontal  jaw  b  is 
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brought  against  the  tooth.     The  thickness  of  the  tooth  is 
read  on  the  horizontal  vernier. 

37.  General  Instructions. — When  miter  gears  are 
cut,  both  gears  of  a  pair  are  cut  with  the  same  cutter;  when 
bevel  gears  are  cut,  the  proper  number  of  the  cutter  should 
be  computed  for  each  by  the  rules  previously  given.  If  the 
cutting  is  done  in  a  machine  where  the  angle  between  the 
axis  of  the  index-head  spindle  and  the  axis  of  the  cutter 
spindle  can  be  changed,  the  angle  should  be  made  1)0°  before 
beginning  to  set  the  machine.  This  gear-tooth  caliper  does 
not  give  good  results  when  applied  to  the  teeth  of  small 
pinions  unless  care  is  taken  to  sec  that  the  points  of  the 
jaws  are  in  contact  with  the  pitch  points  of  the  teeth.  This 
may  necessitate  the  setting  of  the  vertical  scale  to  a  greater 
distance  than  the  addendum. 


RACK  CUTTING. 

38.  A  rack  may  be  cut  eitiier  with  a  planing  tool  or  a 
milling  cutter  shaped  to  conform  to  the  rack  teeth.  The 
pitch  of  the  rack  is  equal  to  the  pitch  of  the  spur  gear  mesh- 
ing with  it,  and  since  cut  spur  gears  are  made  almost  en- 
tirely to  the  diametral-pitch  system,  the  circular  pitch  must 
usually  he  computed  from  it  to  obtain  the  spacing. 

39.  Short  racks  can  readily  be  cut  in  the  horizontal 
milling  machine,  using  the  cross-feed  screw  to  obtain  the 
si)acing  and  the  regular  longitudinal-feed  screw  for  feeding. 
The  rack  blank  may  either  be  clamped  to  the  table  or  be 
held  in  the  vise  or  in  a  special  fixture. 

4(>.  Racks  that  are  too  long  to  be  cut  in  this  manner 
can  be  cut  by  means  of  a  special  rack-cutting  attachment, 
one  form  of  which  is  shown  in  Fig.  0.  The  cutter  a  is 
j)lace(l  at  right  angles  to  its  normal  position;  this  allows 
the  feed-screw  /;  to  be  used  for  spacing  the  teeth  and  the 
cross-feed  screw  for  feeding.  A  graduated  dial  c  reading 
to  .001   inch   is  placed  on  the  feed-screw,   and  the  correct 
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spacing  is  obtained  by  means  of  it.  The  rack  may  be  placed 
in  a  fixture  d  made  as  shown,  which  will  take  several  racks 
at  one  time. 

41.  When  racks  are  cut  in  the  milling  machine,  it  is 
strongly  recommended  that  the  gibs  of  the  part  that  is 
moved  in  order  to  obtain  the  spacing  be  set  up  more  firmly 
than  usual  in  order  to  create  enough  friction  to  prevent  any 
shifting,  which  is  liable  to  occur  by  reason  of  the  back  lash 
of  the  feed-screw. 


Racks  are  often  cut  in  milling  machines  of  the  planer 
type;  in  that  case,  the  spacing  is  obtained  by  means  of  the 
feed-screw  in  the  cross-rail.  The  head  should  then  have  its 
gibs  set  up  rather  firmly.  The  rack  is  placed  square  across 
the  platen. 

A  planing  tool  formed  to  the  correct  shape  may  be 
used  in  a  planer,  shaper,  or  slotter,  obtaining  the  spa- 
cing by  means  of  whatever  feed-screw  can  be  used  for  the 
purpose. 
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TEMPJLET-PJLANING  PROCESS. 

42.  The  Machine. — The  principle  of  operation  of  a 
templet-planing  machine  intended  for  planing  the  teeth  of 
bevel  gears  is  shown  in  diagrammatic  form  in  Fig.  10. 
The  gear  blank  a  is  attached  to  the  index  spindle  b^  which 
carries  an  indexing  wheel  c  at  its  other  end.  An  arm  d 
supports  a  longitudinally  movable  slide  e  which  carries  the 
pointed  cutting  tool/.  The  arm  d is  mounted  on  a  univer- 
sal joint  in  such  a  manner  that  its  center  of  rotation  g  coin- 
cides with   the  axis  of   rotation  of  the  gear  blank.      The 


Fig.  10. 


cutting  tool  is  adjusted  in  the  slide  e  in  such  a  manner  that 
the  line  of  motion  of  its  cutting  point  passes  exactly  through 
the  center  of  rotation  of  the  arm.  A  pin  h  is  fastened  to 
the  free  end  of  the  arm,  and  is  in  contact  with  a  templet  /, 
which  is  shaped  to  conform  to  a  correct  tooth  curve  for  the 
numl)er  of  teeth  ccjntained  in  the  bevel  gear. 
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The  arm  d  remains  stationary  while  the  cutting  tool  is 
traversed  through  the  gear  blank.  One  side  of  a  tooth  is 
finished  at  a  time  by  successive  cuts  converging  toward  the 
apex  of  the  pitch  cone,  which  point,  by  reason  of  the  con- 
struction of  the  machine,  is  also  the  center  of  rotation  g  of 
the  arm.  After  the  tool /has  cleared  the  blank  on  its  re- 
turn stroke,  the  arm  is  moved  slightly  along  the  templet  /, 
keeping  the  pin  //  in  contact  with  the  templet;  the  position 
of  the  arm  and,  hence,  the  formation  of  the  tooth  curves,  is 
thus  determined  by  the  templet.  The  form  of  the  templet 
is  reproduced  on  a  smaller  scale  by  the  planing  tool  on  the 
tooth  operated  on,  and  any  errors  existing  in  the  templet 
are  reduced. 

43.  It  is  obvious  that  a  different  templet  will  be  re- 
quired for  each  number  of  teeth,  at  least  theoretically. 
Owing  to  the  small  divergence  in  the  shape  of  the  tooth 
curves,  one  templet  can  be  made  to  serve  for  several  gears, 
however,  just  as  is  done  with  formed  gear-cutters.  One 
templet  will  answer  for  all  pitches  within  the  range  of  the 
machine;  different  sizes  of  bevel  gears  are  cut  by  varying 
the  distance  from  the  gear  to  the  center  of  rotation  of 
the  arm  d.  In  an  actual  machine,  the  templet  is  movably 
mounted  on  a  quadrant  having  its  center  of  curvature  at^; 
this  adapts  the  machine  for  different  gears,  since  it  allows 
the  angle  between  the  axis  of  the  spindle  and  the  line  of 
motion  of  the  tool  to  be  changed  to  suit  the  number  of  teeth 
of  the  gear. 

44«  Templet-Grlndlns  Process. — A  modification  of 
the  templet-planing  process  has  recently  been  perfected  by 
the  Leland  &  Faulconer  Company,  Detroit,  Michigan,  who 
have  substituted  a  corundum  wheel  for  the  planing  tool  and 
thus  are  enabled  to  finish  the  teeth  of  hardened-steel  bevel 
gears  to  a  correct  shape.  The  fundamental  principle  under- 
lying this  templet-srlnding:  process  does  not  differ  in  any 
essential  particular  from  that  explained  in  connection  with 
Fig.  10. 
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GENERATION  SYSTEM. 


CONJUGATE-TOOTH  MBTHOD. 


MOLDING   PROCB8S. 

45.  The  different  processes  employed  in  the  conjugate- 
tooth  method  of  generating  gear-teeth  are  all  based  on  the 
so-called  molding  process,  which  has  not  been  put  into 
practical  use,  however,  at  least  not  to  any  extent.  This 
process  may  be  explained  as  follows:  Let  a  correctly  formed 
rack  made  of  some  hard  material,  as  steel,  be  passed  over  a 
gear  blank  made  of  a  plastic  material,  as  beeswax,  while  the 
blank  is  given  a  positive  rotation  that  imparts  to  it  at  the 
pitch  circle  a  velocity  equal  to  that  of  the  rack.  Then,  the 
pitch  line  of  the  rack  and  the  pitch  circle  of  the  blank  being 
tangent,  the  teeth  of  the  rack  will  mold  teeth  in  the  blank 
that  are  conjugate  to  its  own. 


MOLnii^G-PLANlNG    PROCRSS. 

46.  Principle  of  Operation. — Since  the  materials  of 
which  gear-wheels  are  constructed  are  not  plastic,  the  mold- 
ing process  cannot  be  employed  very  readily,  but  the  same 
etfect  can  be  {)rodiicc(l  by  transforming  the  generating  rack 
into  a  cutting  tool  that  reciprocates  across  the  blank  in  the 
direction  of  the  axis  of  the  latter.  The  cutting  tool  does 
not  advance  during  its  cnttirig  stroke  in  a  line  tangent  to 
the  pitch  circle  of  the  blank  and  at  right  angles  to  the  axis 
of  the  latter;  but,  after  the  tool  has  cleared  the  blank  on  its 
return  stroke,  the  tool  and  the  gear  blank  are  given  a  slight 
motion  equivalent  to  that  of  a  meshing  rack  and  pinion  and 
the  to<)l  is  reci[)ro(  atcd  through  the  blank  again.  This  cycle 
of  operations  is  repeated  until  the  gear  blank  has  been  trans- 
formed into  a  g(^ar.     The  molding  process  thus  becomes  the 
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molding-planing  process;  in  execution,  however,  this  proc- 
ess is  modified  for  practical  reasons,  the  chief  of  which 
are  the  great  length  of  rack  required  and  the  difficulty  of 
making  it. 

47.     Fello^jvs  Gear-Shaper. — In  the  Fello^ivs  sear- 

tihaper,  in  which  machine  the  molding-planing  process  is 
employed,  the  cutter  a^  Fig.  11,  is  made  in  the  form  of  a 
gear.  The  process  by  which  the  cutter  is  generated  is 
equivalent  to  its  generation  by  an  involute  rack,  and  it  is 


Fig.  11. 


given  teeth  conjugate  to  those  of  the  generating  rack.  In 
consequence  of  the  method  by  which  the  cutter  is  formed, 
the  teeth  of  all  gears  cut  by  it  are  conjugate  to  the  rack  and 
hence  to  one  another;  that  is,  the  different  gears  will  run 
together  correctly. 
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In  use,  the  cutter  a  is  drawn  axially  across  the  face  of  the 
blank  b  and  cuts  grooves  corresponding  to  the  shape  of  its 
teeth.  In  beginning  to  cut  a  gear,  the  blank  and  cutter  do 
not  revolve,  but  the  center-to-center  distance  between  the 
cutter  and  the  gear  blank  is  shortened  after  each  return 
stroke  of  the  cutter  until  the  correct  depth  of  cut  is  reached. 
The  cutter  and  the  gear  blank  are  then  rotated  a  little  by 
positive  means  after  each  return  stroke  in  the  direction 
shown  by  the  arrows;  their  relative  rotations  are  exactly 
the  same  as  if  two  gears  equal  in  size  to  the  cutter  and  gear 
to  be  cut  were  rolling  together.  Conjugate  teeth  are  thus 
generated,  and  one  cutter  will  cut  all  gears  from  a  pinion 
to  a  rack. 

48.  The  machine  used  is  shown  in  Fig.  12.  The  cut- 
ter a  is  carried  on  the  end  of  a  ram  that  is  free  to  slide  in  a 
vertical  direction  and  can  be  rotated  about  the  cutter  axis. 
This  ram  is  carried  in  a  head  ^,  which  is  gibbed  to  ways 
formed  on  the  frame  and  is  movable  horizontally  to  suit 
different  diameters  of  gears  and  different  depths  of  cut. 
The  gear  blanks  c,  c  are  mounted  on  a  vertical  spindle  par- 
allel to  the  line  of  motion  of  the  ram.  The  lower  end  of 
the  spindle  that  receives  the  blank  carries  a  worm-wheel 
enclosed  in  the  guard  d\  a  worm  meshes  with  this  wheel 
and  in  turn  is  connected  to  change  gearing  that  connects 
the  ram  and  the  spindle  by  a  suitable  mechanism  and  forces 
them  to  rotate  together.  Different  velocity  ratios  are  ob- 
tained by  changing  the  change  gears.  The  ram,  sliding 
axially  in  its  bearings,  is  reciprocated  across  the  face  of  the 
blank.  The  gear  blank  is  supported  against  the  cut  by  an 
adjustable  jack  c.  Ordinarily,  the  cut  taken  is  a  draw  cut, 
the  cutter  being  drawn  across  the  face  of  the  blank;  the 
machine  can  readily  be  used,  however,  for  pushing  the  cut- 
ter across  the  blank.  The  stroke  of  the  ram  is  adjustable 
for  length  and  position. 

49.  Internal  gears  can  be  cut  with  the  same  ease  as 
spur  gears  by  means  of  this  machine,  and  the  cutter  will 
automatically  produce  teeth  conjugate  to  itself  and  to  any 
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spur  gear  cut  by  the  same  cutter.     Sprocket  wheels  can  also 
be  cut  by  using  a  suitably  formed  cutter. 

50<  The  cutter,  at  a  casual  glance,  would  be  taken  for  a 
spur  gear,  but  in  reality  it  is  a  bevel  gear  having  a  very 
small  center  angle.  As  is  well  known,  any  planing  too! 
must  have  clearance  in  order  to  cut;  this  cutter  is  no  excep- 
tion to  the  general  rule,  and  is  given  clearance  by  making  it 


like  a  bevel  gear.  It  is  sharpened  by  grinding  ils  top  face 
in  a  special  grinding  machine;  while  it  is  true  that  this 
grinding  will  change  the  pitch  of  the  cutter,  the  fact 
remains  that,  owing  to  the  small  center  angle,  the  reduction 
in  pitch  will  be  so  extremely  small  as  to  be  negligible  for  all 
practical  purposes. 
5.  Vol.  Il.-3i- 
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BINGLB-TOOTH  MOLDING-PLANING  PROCESS. 

61«  Development  of  tlie  Process.  —  As  previously 
explained,  in  the  molding  process  the  teeth  of  a  gear  are 
formed  by  running  a  rack  over  the  gear  blank,  as  is  shown 
in  Fig.  13  {a).     It  is  readily  seen  that  this  operation  may  be 


Fig.  13. 

reversed;  that  is,  the  rack  may  remain  stationary  and  the 
gear  blank  may  be  rolled  along  it  in  order  that  teeth  conju- 
gate to  those  of  the  rack  may  be  generated.  This  is  shown 
in  Fig.  13  {d). 

52.  The  rack  may  be  replaced  by  a  single  stationary 
tooth,  as  illustrated  in  Fig.  14;  then,  if  the  gear  blank  is 
rolled  past  this  tooth  with  a  motion  equivalent  to  that  of  a 
pinion  rolling  in  a  rack,  the  single  tooth  will  mold  opposite 
sides  of  two  future  adjacent  teeth  to  a  form  conjugate  to  its 
own.  Fig.  14  {a)  show^s  the  position  of  the  molding  tooth 
when  it  first  engages  the  gear  blank,  which  is  rolled  in  the 
direction  of  the  arrow  x  and,  consequently,  advances  along 
the  straight  line  ab  in  the  direction  of  the  arrow  j'.     In 
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Fig.  14  (d),  the  blank  has  been  rolled  into  the  position 
shown,  its  original  position  being  given  by  the  dotted 
circle  c.  The  center  rf  of  the  gear  blank  is  here  perpendicu- 
larly below  the  molding  tooth,  and  the  face  of  one  tooth 
and  the  flank  of  another  have  been  fully  formed.  In 
Fig.  14  (c),  the  blank  has  been  rolled  forwards  until  the 


molding  tooth  is  about  to  leave  the  blank,  and  the  opposite 
faces  of  two  future  adjacent  teeth  have  been  fully  formed; 
that  is,  one  space  has  been  molded.  In  order  to  show  the 
rotation  and  advance  of  the  blank  more  clearly,  several  of 
its  different  positions  are  given;  the  dotted  circle  c  repre- 
sents the  position  occupied  in  Fig.  14  {«),  and  the  dotted 
circle  c'  gives  the  position  shown  in  Fig,  14  (*). 

53.  Since  a  single-tooth  molding  tool  can  finish  only 
one  space  at  a  time,  it  follows  that  after  each  passage  of  the 
tool,  the  blank  must  be  rotated  by  a  suitable  indexing 
mechanism  through  an  angle  corresponding  to  one  tooth, 

54.  The  single  molding  tooth  may  be  made  in  the  form 
of  a  planer  tool  and  may  then  be  given  a  reciprocating  mo- 
tion across  the  face  of  the  blank;  after  it  has  cleared  the' 
blank  on  the  return  stroke,  the  blank  may  be  revolved  and 
advanced  forwards  a  little  and  tlje  tool  be  reciprocated 
through  it  again.  This  cycle  of  operations  being  repeated 
until  the  tool  does  not  engage  the  blank  any  more,  the  op- 
posite sidesof  two  future  adjacent  teeth  are  thus  formed  by 
successive  cuts  to  be  conjugate  to  the  gear-tooth  repre- 
sented by  the  planing  tool. 


72  GEAR-CUTTING.  §  17 

55.  The  single-tooth  molding-planing  process  just  ex- 
plained forms  the  basis  of  a  mechanical  method  of  correctly 
generating  the  teeth  of  bevel  gears  that  are  conjugate  to 
those  of  a  circular  rack,  which  is  often  called  a  cro^-n 
sear.  The  principle  underlying  this  method  may  be  ex- 
plained as  follows:  When  a  spur  gear  rolls  in  a  rack,  its 
action  is  equivalent  to  that  of  the  pitch  cylinder  rolling 
without  slipping  on  the  pitch  plane  of  a  rack,  and  the  path 
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of  the  pitch  cylinder  will  be  represented  by  a  straight  line. 
In  a  bevel  gear  we  have  a  pitch  cone  instead  of  the  pitch 
cylinder  of  the  spur  gear;  such  a  cone  in  rolling  without 
slipping  on  a  plane  surface  will  follow  a  circular  path,  and 
the  apex  of  the  cone  will  coincide  with  the  center  of  the  cir- 
cle representing  the  path,  as  is  shown  in  Fig.  15  (a).  From 
this  it  follows  that  the  rack  for  a  bevel  gear  must  be  circu- 
lar, as  is  shown  in  Fig.  15  {b). 

5B.  Obviously,  a  circular  rack  may  be  used  for  moldin};^ 
the  teeth  of  a  bevel  gear  in  the  same  manner  in  which  a 
straight  rack  may  be  employed  for  generating  the  teeth  of 
a  spur  gear,  rolling  the  bc^vcl-gear  blank  along  the  circular 
rack  just  as  the  pitch  cone  in  Fig.  15  {a)  would  roll  without 
slipping  on  the  plane  surface  representing  the  pitch  plane 
of  the  rack.  As  was  explained  in  connection  with  spur 
gears,  the  rack  maybe  replaced  by  a  single  tooth;  when 
transforming  the  molding  tooth  into  a  planing  tool,  how- 
ever, we  arc  immediately  confronted  with  the  fact  that 
the  pitch  of  the  tooth,  and,  hence,  the  width  of  the  space 
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between  two  teeth  of  a  circular  rack,  changes  throughout 
the  length  of  the  tooth.  This  fact  precludes  the  possibility 
of  planing  opposite  sides  of  adjacent  teeth  in  one  cut. 

57.  A  careful  investigation  by  various  authorities  has 
shown  that,  in  a  circular  rack,  neither  the  involute  nor  the 
epicycloidal  form  of  tooth  can  be  planed  with  a  formed 
planing  tool,  on  account  of  the  fact  that  in  such  a  rack  these 
tooth  curves,  although  remaining  symmetrical,  change  in 
extent  throughout  the  length  of  the  tooth.  It  was  discovered 
by  Mr.  Geo.  B.  Grant,  however,  that  a  circular  rack  having 
its  teeth  planed  one  side  at  a  time  with  a  formed  tool  given 
the  shape  of  an  involute  straight-rack  tooth,  would  form  the 
basis  of  a  new  system  of  bevel-gear  teeth  whose  sides  in  the 
circular  rack  are  plane  surfaces,  and  to  which  he  has  given 
the  name  of  octoldal  teeth. 

58.  The  octoidal  bevel-gear  tooth  (a  circular  rack  is 
here  considered  as  a  special  form  of  a  bevel  gear)  being 
formed  by  a  tool  having  the  shape  of  an  involute  straight- 
rack  tooth,  it  naturally  has  the  same  general  form  as  the  true 
involute  bevel-gear  tooth,  and,  hence,  has  been,  and  is  yet, 
confounded  with  it  by  many  writers  on  the  subject  of  gear- 
cutting. 

59.  Since  a  circular  rack  may  generate  teeth  conjugate 
to  its  own  by  molding,  it  is  a  logical  conclusion  that  the 
molding  process  may  be  replaced  by  the  molding-planing 
process,  as  is  done  in  the  case  of  spur  gears  generated  by 
a  straight  rack.  Instead  of  planing  parallel  to  the  axis 
of  a  pitch  cylinder,  however,  the  planing  of  a  bevel  gear 
must  be  done  toward  the  apex  of  its  pitch  cone,  and  the 
planing  tool  must  move  parallel  to  the  bottom  of  the  teeth, 
as  is  done  in  planing  the  crown  gear. 

60«  The  planing  tool  is,  in  practice,  made  slightly  nar- 
rower than  the  width  of  the  space  between  teeth  at  their 
smaller  end;  it  is  then  reciprocated  through  the  gear  blank 
in  the  same  direction  that  the  sides  of  the  teeth  of  a  circular 
rack  occupy;  that  is,  radially  toward  the  center  of  the  rack 
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and,  hence,  toward  the  apex  of  the  pitch  cone.  After  each 
cut,  the  gear  blank  is  given  a  motion  equivalent  to  that  of 
its  pitch  cone  rolling  on  the  pitch  plane  of  a  circular  rack; 
by  successive  rollings  of  the  blank  and  passages  of  the  cut- 
ting tool  through  it,  one  side  of  one  tooth  is  made  conjugate 
to  the  side  of  the  tooth  of  a  circular  octoidal  rack.  By  suit- 
able indexing  and  a  repetition  of  the  forming  operation  for 
the  opposite  side  of  each  tooth,  a  correct  octoidal  bevel  gear 
is  cut  that  has  teeth  conjugate  to  those  of  the  corresponding 
circular  rack;  consequently,  both  bevel  gears  of  a  pair  thus 
cut  have  teeth  that  are  conjugate  to  one  another,  and,  hence, 
will  run  together  correctly. 


Bl.      llllKram  Bttvcl-Otfar  Cutter.— The  method  of 

generating  conjugate  bevel-gear  teeth  that  has  been  just 
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explained  is  employed  in  the  BilKram  bevel-ffear-cut- 

ting  inacliine  shown  in  perspective  in  Fig.  16.  In  this 
machine,  the  planing  tool  a^  which  is  formed  to  conform  to 
the  sides  of  the  teeth  of  a  circular  involute  rack,  is  held  in 
the  tool  post  of  a  crank-driven  ram  6  that  reciprocates  in 
suitable  guides  formed  in  the  frame  of  the  machine.  The 
tool  post  is  set  into  a  clapper  similar  to  that  of  a  planer  head, 
in  order  to  allow  the  tool  to  swing  away  from  the  work  on 
the  return  stroke. 

62.  The  gear  blank  receives  a  rolling  motion  from  a 
very  interesting  piece  of  mechanism.  The  gear  blank  c  is 
mounted  upon  a  spindle  v.  The  axis/"^  of  the  spindle  e  in- 
tersects an  axis  /i  i  passing  through  the  bearings  J  and  k. 
The  piece  n  is  made  in  the  form  of  a  portion  of  a  conical 
surface,  the  apex  of  the  cone  being  at  the  intersection  of 
the  axesy*^  and  hi.  About  this  conical  surface  two  bands 
/  and  ;//  are  arranged  so  that  as  the  portion  of  the  machine 
carrying  the  axis  fg  is  swung  backwards  and  forwards  the 
bands  /  and  ;;/  will  cause  the  spindle  e  to  rotate  about  the 
point  where  the  axes  fg  and  //  i  intersect.  By  properly 
adjusting  the  gear  r,  so  that  the  tool  a  travels  in  the  direc- 
tion of  the  bottom  of  the  gear  teeth,  the  machine  will  be  so 
set  that  the  rotating  of  the  conical  surface  ;/  will  cause  the 
gear  c  to  rotate  as  though  it  were  in  contact  with  a  gear 
tooth  represented  by  the  tool  a, 

63.  The  machine  is  provided  with  such  adjustments 
that  the  gear  blank  c  can  always  be  brought  into  the  proper 
relation  to  the  cutting  tool  ^,  without  the  necessity  of 
having  the  piece  ;/  constructed  as  a  cone  having  the  same 
central  angle,  the  only  requirement  being  that  the  conical 
piece  n  shall  give  the  axis/^  the  proper  rotation  about  the 
intersection  of  the  two  axes  fg  and  // ;.  The  effect  of  the 
motion  is  the  same  as  if  the  bevel  gear  c  were  rolling  upon  a 
circular  rack,  one  tooth  of  which  is  represented  by  the  cut- 
ting tool  a,  A  suitable  indexing  mechanism  spaces  the  teeth 
correctly  and  an  automatic  feed  mechanism  rolls  the  blank 
slightly  after  each  return  tooth  of  the  forming  tool  a. 
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MOt.»ING>MILLING  PROCRBS. 

64.  Principle  of  Operutlon. — The  principle  of  opera- 
tion underlying  tlie 
molding- mil  ling  proc- 
ess is  illustrated  by 
tlie  aid  of  Fig.  17. 
A  series  of  equal  cut- 
ters a,  a,  the  profile 
of  each  of  which  is 
the  same  as  that  of 
a  rack  tooth,  are 
placed  alongside  one 
another  on  a  man- 
drel and  at  a  distance 
from  one  another 
equal  to  the  circular 
pitch,  BO  that  a  longi- 
tudinal section  taken 
through  all  the  ciit- 
^  icrs  shall  have  the 
^  iiiitline  cif  the  teetli 
r.f  iira.k.     Theniim- 


>i-r"f  nitter> 


lade 


equal  li>  tJie  nunilicr 
i>i  teeth  the  pm- 
|>i.s,-djr<-arist<>hav<-. 
The  gear  blank  h  is 
mounted  on  an  arlior 
at  riyht  angles  to 
the  axis  of  rotation 
of  the  cutters,  and 
the  gear  blank  anil 
cutter  arbor  arc  so 
connected  by  gearing 
that  when  the  blank 
rotates  ill  the  direc- 
tion of  the  arrow  x, 
the  cutter  arlxir  will 
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advance  in  the  direction  of  the  arrow  jr  at  exactly  the  same 
velocity ;  that  is,  the  cutter  arbor  and  gear  blank  will  move 
in  relation  to  ai^ch  other  exactly  as  if  they  were  a  rack  and 
pinion  in  mesh. 

65.  Let  the  gear  blank  and  cutter  be  brought  together 
as  shown  in  the  end  view,  the  cutter  revolving  about  its 
axis  and  cutting  into  the  blank.  Then,  if  the  blank  is  ro- 
tated at  the  same  time  that  the  cutter  is  moved  in  the  direc- 
tion of  its  axis,  the  cutter  teeth  will  cut  out  grooves  in  such 
a  manner  that  their  profile  in  the  plane  r  s  will  be  that  of 
teeth  conjugate  to  those  of  the  rack  represented  by  a  longi- 
tudinal section  of  the  cutter.  When  the  blank  has  revolved 
one  turn,  let  the  cutter  and  the  blank  be  separated ;  return 
the  cutter  to  its  original  position ;  bring  the  blank  and  cut- 
ter together  again,  and  feed  the  cutter  over  the  blank  until 
the  cutting  is  done  in  a  plane  /  //  slightly  in  advance  of  r  s. 
After  this  cut  has  been  taken  all  around  the  blank,  let  the 
cycle  of  operations  be  repeated  again  and  again  until  the 
cutter  has  been  clear  across  the  face  of  the  gear  blank.  The 
teeth  thus  produced  will  be  conjugate  to  those  of  the  rack 
whose  profile  is  given  by  a  longitudinal  section  of  the  cutter. 

• 

66.  Sw^asey  Cutter. — The  practical  objections  to  the 
method  of  procedure  just  explained  are  the  great  number 
of  cutters  required  and  the  deflection  of  the  arbor  on  which 
they  are  carried.  These  objections  have  been  overcome 
in  an  ingenious  manner  by  Mr.  Ambrose  Swasey,  and  the 
process  has  thus  been  made  mechanically  practical. 

An  end  view  and  partial  sectional  elevation  of  the  Swasey 
cutter  is  shown  in  Fig.  18.  Each  cutter  is  seen  to  be 
divided  into  two  parts,  and  the  series  of  cutters  are  connected 
together  into  two  independent  sections,  each  of  which  is 
mounted  on  two  cylindrical  rods  passing  through  the  holes 
shown.  The  four  rods  pass  through  cylindrical  sleeves  at 
each  side  of  the  cutters;  the  holes  in  the  sleeves  through^ 
which  the  rods  pass  are  placed  in  such  a  relation  to  the  axis 
of  the  sleeves  that  upon  revolving  them  the  cutters  will  run 
true.     Each  section  of  cutters  is  moved  in  the  direction  of 
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the  axis  by  a  cam  at  the  same  time  that  they  revolve;  as 
soon  as  one  section  during  its  revolution  has  cleared  the 
gear  blank,  the  cam  throws  it  back  to  its  original  position, 
and  just  before  commencing  to  cut  it  begins  to  slide  forwards 


again  at  a  velocity  equal  to  that  of  a  point  on  the  pitch  circle 
of  the  gear  blank.  It  will  be  understood  that  while  one 
section  of  the  cutters  is  engaged  with  the  blank,  the  section 
clear  of  the  blank  is  being  returned  to  its  original  position. 

«7.  The  ini)ti()a  of  each  section  of  the  cutter  during  one 
of  its  revolutions  can  be  easier  undi^rstood  by  simply  con- 
sidering the  motion  of  a  point  on  the  periphery  of  one  cutter 


Then,  as  this  point  remains  at 
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axis  of  rotation  represented  by  the  point  c,  it  follows  that 
during  any  axial  movement  the  point  a  will  follow  a  path 
lying  on  the  surface  of  a  cylinder,  as  de gf.  Let  the  point 
whose  motion  we  are  considering  be  at  a'  on  the  surface  of 
the  cylinder.  Then,  as  soon  as  the  gear  blank  and  cutter 
begin  to  move  in  respect  to  each  other,  the  point  a'  during 
the  rotation  and  axial  advance  of  the  cutter  follows  the 
right-handed  helical  path  a^  h  i  in  the  direction  given  by  the 
arrows.  When  the  point  a*  reaches  the  position  /,  the  cam 
constraining  the  axial  motion  of  the  cutter  commences  to 
return  it  to  its  original  position,  and  the  point  whose  motion 
we  are  considering  returns  along  the  left-handed  helical 
path  ika!  to  its  starting  point  a\ 

08«  By  timing  the  action  of  the  two  sections  in  such  a 
manner  that  when  one  is  at  the  limit  of  its  forward  travel 
and  about  to  return,  the  other  section  is  just  beginning  to 
travel  forwards,  the  cutting  action  of  the  two  sections  is 
made  equivalent  to  that  of  an  infinite  number  of  equal  cut- 
ters, similar  to  those  shown  in  Fig.  17,  placed  alongside  each 
other.  After  the  Swasey  cutters  have  passed  once  clear 
around  the  wheel  that  is  being  cut,  the  cutters  are  advanced 
a  little  in  front  of  the  plane  in  which  the  cut  just  finished 
was  taken  and  the  new  cut  is  taken  all  around  the  gear  blank 
again.  This  cycle  of  operations  is  repeated  automatically 
until  the  cutters  have  been  across  the  whole  face  of  the 
wheel. 

69.  The  Swasey  process  of  generating  gear-teeth  in- 
volves the  use  of  a  special  machine.  In  this  machine  the 
cutter  and  the  gear  blank  are  connected  together  in  such  a 
manner  that  the  cutter  makes,  during  each  revolution  of  the 
gear,  a  number  of  revolutions  exactly  equal  to  the  number 
of  teeth  which  the  gear  to  be  cut  is  intended  to  have.  While 
this  is  unnecessary  in  the  process  described  in  Art.  64,  it  is 
absolutely  essential  with  the  modified  cutters  used,  in  order 
that  the  cams  giving  the  axial  motion  to  the  cutter  sections 
shall  time  the  motions  correctly. 
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70.  Moldins-Mlllins:  Bevel  Gears.  —  A  molding- 
milling  process  for  generating  octoidal  bevel-gear  teeth  has 
recently  been  brought  out  by  Mr.  Warren,  and  a  number  of 
special  machines  for  it  have  been  built  by  The  Pratt  & 
Whitney  Company,  of  Hartford,  Connecticut.  This  proc- 
ess is  based  on  the  Bilgram  bevel-gear  planing  process;  a 
milling  cutter  having  a  section  equal  to  that  of  an  involute 
straight  rack  tooth  is  substituted  for  the  planing  tool,  how- 
ever. The  gear  blank  is  given  the  same  rolling  motion  as  is 
done  in  the  Bilgram  machine,  and  octoidal  teeth  conjugate 
to  those  of  a  circular  rack  are  formed.  In  this  process,  two 
milling  cutters  are  employed,  in  order  to  finish  both  sides  of 
a  tooth  at  once;  their  lines  of  motion  converge  toward  the 
apex  of  the  pitch  cone. 


MAKING   l^ORM-l^HBBLS. 

71«  In  practice  worm-wheels  are  cut  either  approxi- 
mately or  exactly  correct.  In  the  former  case,  a  formed 
involute  spur-gear  cutter  having  a  designating  mark  cor- 
responding to  the  number  of  teeth  equal  to  the  number 
of  turns  of  the  worm  for  one  revolution  of  the  worm-wheel, 
is  used;  in  the  latter  case,  a  special  rotary  cutter,  called  a 
hob,  is  employed,  and  generates  teeth  conjugate  to  its  own. 

72.  Cutting  Witli  a  Formed  Cutter. — When  a 
formed  cutter  is  used,  the  teeth  are  generally  cut  in  a 
straight  path  diagonally  across  the  facx*  at  an  angle  corre- 
sponding to  that  of  the  worm,  but  otherwise  cutting  the 
worm-wheel  as  if  it  were  a  spur  gear.  In  practice,  the 
angle  tiiat  the  teeth  make  with  the  axis  of  the  worm-wheel 
is  found  by  trial;  the  index  head  of  the  universal  milling 
machine  is  swiveled  on  its  table  for  this  purpose  and  a  few 
teeth  are  cut.  The  worm  is  then  tried  in  these  teeth  to  see 
whether  its  axis  is  at  right  angles  to  that  of  the  worm- 
wheel  ;  the  setting  is  changed  if  this  is  not  the  case.  Owing 
to  the  liability  of  spoiling  the  gear  blank  by  these  trial  cuts, 
it  is  recommended  to  use  a  hardwood  blank  of  the  same  size 
to  experiment  on. 
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73*  Hobblnc. — Hobbing  will  produce  the  best  worm- 
wheel,  and  is  the  process  that  should  al- 
ways be  employed  for  a  wheel  subjected 
to  much  use.  The  hob  is  shown  in 
Fig.  20.  It  will  be  noticed  that  it  is 
nothing  but  a  worm  that  has  been  ser- 
rated in  order  to  form  cutting  edges.  In 
order  that  the  thread  of  the  worm  may 
clear  the  bottom  of  the  corresponding 
spaces  in  the  worm-wheel,  the  thread  of  the  hob  is  made 
slightly  higher  than  that  of  the  worm. 

74.  In  hobbing  a  worm-wheel,  the  wheel  is  placed  on  an 
arbor  between  the  centers,  but  Is  not  confined  by  a  dog,  so 
that  it  is  free  to  rotate  about  its  axis.  The  hob  is  placed 
at  right  angles  to  the  axis  of  rotation  of  the  worm-wheel  and 
while  revolving  is  sunk  Into  the  face  of  the  worm-wheel 
to  the  desired  depth.  The 
hob,  in  continuing  to  re- 
volve, rotates  the  worm- 
wheel  and  cuts  its  teeth  to 
a  shape  conjugate  to  that 
of  its  own. 

75.  A  worm-wheel  that 
is  to  be  hobbed  should  al- 
ways be  prepared  for  bob- 
bing by  notching  it  with  an 
involute  cutter  slightly  nar- 
rower than  the  face  of  the 
hob  teeth.  This  process  is 
called  KashlnKi'^nd  is 
done  in  a  horizontal  ma- 
chine as  follows:  The  blank 
is  mounted  on  an  arbor  and 
placed  between  index  cen- 
"''■^'  ters,  which  are  arranged  to 

index  for  the  number  of  teeth  the  worm-wheel  is  to  have. 

The  milling-machine  table,  after  being  set  to  zero,  is  moved 
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horizontally  until  the  axis  A  B  oi  the  cutter  is  in  the  central 
plane  of  the  worm-wheel,  as  shown  in  Fig.  21.  The  table 
is  then  swung  on  the  saddle  until  the  angle  B  O  E  corre- 
sponds approximately  to  the  angle  of  the  helix  of  the  worm, 
and  the  notches  are  cut,  raising  the  knee  by  means  of  the 
vertical  feed.  The  table  is  then  swung  back  to  zero  and 
the  hob  is  used  for  finishing  the  teeth.  Since  the  worm- 
wheel  is  driven  by  the  hob,  the  notches  must  be  deep 
enough  and  wide  enough  to  insure  good  driving  when  the 
hob  is  first  applied.  If  bobbing  is  attempted  without  pre- 
vious gashing,  it  will  often  happen  that  a  greater  number 
of  teeth  than  is  desired  will  be  obtained. 

76.  In  machines  designed  especially  for  cutting  worm- 
gears,  the  hob  and  wheel  blank  are  connected  together  by 
gearing  that  drives  the  wheel  blank  at  the  proper  speed. 
Gashing  may  be  omitted  in  such  machines,  since  the  change 
gears  insure  a  correct  spacing  of  the  worm-wheel  teeth. 
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OP 

QUESTIONS   AND    EXAMPLES 
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It  will  be  noticed  that  the  various  Question  Papers 
that  follow  have  been  given  the  same  section  numbers  as 
the  Instruction  Papers  to  which  they  refer.  No  attempt 
should  be  made  to  answer  any  of  the  questions  or  to  solve 
any  of  the  examples  until  the  Instruction  Paper  having  the 
same  section  number  as  the  Question  Paper  in  which  the 
questions  or  examples  occur  has  been  carefully  studied. 


5".  yd.  11.-34. 


WORKING   CHILLED    IRON. 


(1)  What  points  must  be  observed  in  working  chilled 
castings  ? 

(2)  How  do  the  lathes  used  for  turning  chilled  rolls  differ 
from  ordinary  engine  lathes  ? 

(3)  In  turning  chilled  rolls,  how  is  the  roll  held  and  how 
driven,  both  in  the  case  of  rolls  having  the  bearings  cast 
with  the  roll  and  in  the  case  of  rolls  whose  chilled  portion 
is  turned  up  as  a  shell  and  subsequently  fitted  to  a  center 
carrying  the  bearings  ? 

(4)  Describe  the  tools  used  for  turning  parallel  rolls 
such  as  are  used   in  flouring  mills. 

(5)  How  do  the  tools  used  in  turning  rolling-mill  and 
grooved  rolls  differ  from  those  used  in  turning  flouring-mill 
rolls  ? 

(6)  What  means  are  used  for  holding  the  turning  tools 
in  a.  lathe  used  for  turning  chilled  rolls  ? 

(7)  What  can  you  say  of  the  cutting  speeds  used  in 
turning  chilled-iron  rolls  ? 

(8)  In  turning  chilled  iron,  how  is  the  tool  fed  to  the  rotl  ? 

(9)  In  turning  rolls  for  rolling  hot  iron,  how  much  allow- 
ance must  be  made  in  the  size  of  the  grooves  so  that  the 
bars  will  be  standard  when  cold  ? 

(10)  How  are  parallel  rolls,  such  as  are  used  in  flouring 
mills,  paper  mills,  and  for  rolling  sheet  metal,  generally 
finished  ? 
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2  WORKING  CHILLED  IRON.  §  7 

(11)  How  may  parallel-ground  rolls  be  tested  to  deter- 
mine the  accuracy  of  the  work  ? 

(12)  What  are  the  essential  features  of  the  roll-grooving 
or  corrugating  machines  ? 

(13)  What  is  the  cutting  speed  used  in  corrugating  rolls  ? 

(14)  If  it  is  desired  to  finish  chilled-iron  dies  or  other 
flat  work  on  a  common  planer,  what  precautions  should  be 
observed  ? 

(15)  How  can  the  cutting  tool  be  arranged  so  that  it  will 
rough  and  finish  the  entire  die,  or  other  flat  surface,  at  one 
setting,  when  finishing  work  in  an  ordinary  planer  arranged 
for  planing  chilled  iron  ? 


PLANER,   SHAPER,   AND 
SLOTTER  WORK. 


(PART  1.) 


(1)  Describe  briefly  the  general  action  of  the  planer. 

(2)  What  are  the  two  styles  of  planers  in  use,  as  distin 
guished  by  the  method  of  driving  the  platen  ? 

(3)  How  is  the  quick-return  motion  secured  in  planers  ? 

(4)  What  is  2i  false  jaw  and  what  purpose  doeis  it  serve  ? 

(5)  What  is  the  proper  way  to  chuck  a  piece  of  work  for 
planing  parallel  sides  when  its  thickness  is  less  than  the 
depth  of  the  jaws  of  the  chuck  ? 

(6)  What  are  the  two  points  to  be  observed  in  using  bolts 
and  clamps  for  holding  work  on  the  platen  ? 

(7)  What  is  the  most  useful  form  of  clamp  for  general 
work  ? 

(8)  What  is  the  point  to  be  observed  in  using  toe  dogs 
for  holding  work  on  the  platen  ? 

(9)  How  may  a  shaft  be  supported  on  and  clamped  to 
the  platen  when  it  has  various  parts  of  different  diameters  ? 

(10)  The  three  rows  of  holes  in  the  worm-wheel  of  a 
planer  center  contain,  respectively,  50,  G-i,  and  72  holes. 
Which  one  of  the  rows  of  holes  is  to  be  used  to  divide  a 
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2     PLANER,  SHAPER,  AND  BLOTTER  WORK,    g  8 

circle  into  12  parts  and  how  many  holes  must  the  wheel  be 
shifted  for  each  division  ?     Ans.   6  holes  of  the  72-hole  row. 

(11)  How  may  very  thin  and  flat  work  be  held  to  the 
platen  ? 

(12)  How  is  springing  of  the  work  by  clamping  avoided  ? 

(13)  How  may  a  piece  of  work  be  reset  ? 

(14)  How  much  clearance  is  generally  given  to  planer 
tools  ? 

(16)  Upon  what  does  the  keenness  and  strength  of  a 
planer  tool  depend  ? 

(16)  How  can  breaking  the  edge  of  the  work  be  pre- 
vented ? 

(17)  What  is  the  object  of  swinging  the  tool  block  to  an 
inclined  position  for  planing  side  faces  ? 

(18)  How  should  the  tool  block  always  be  swung  with 
reference  to  the  plane  of  the  surface  to  be  planed  ? 

(19)  How  should  the  tool  always  be  fed  in  planing  side 
faces  ? 

(20)  What  is  the  object  of  underhung  tools  ? 

(21)  What  precaution  must  be  taken  to  avoid  throwing 
the  tool  into  the  work  or  breaking  it  on  the  return  stroke 
when  making  undercuts  ? 

(22)  How  may  damage  to  the  work  and  tool  on  the  return 
stroke  be  prevented  in  cutting  T  slots  ? 


PLANER.  SHAPER.  AND 
SLOTTER  WORK. 


(PART  2.) 


(1)  To  what  speed  are  planers  usually  belted  ? 

(2)  What  is  a  good  rule  to  observe  in  planing  work  that 
is  likely  to  have  internal  stresses  ? 

(3)  How  may  work  be  planed  that  is  too  long  for  the 
platen  ? 

(4)  How  may  work  be  planed  that  is  too  wide  for  the 
housings  ? 

(5)  What  are  the  points  of  difference  between  the  opera- 
tion of  a  shaper  and  that  of  a  planer  ? 

(6)  What  is  the  difference  between  a  crank  shaper  and 
a  geared  shaper  ? 

(7)  What  is  the  average  cutting  speed  of  the  tool  in  a 
crank  shaper  making  80  strokes  per  minute,  the  stroke 
being  10  inches  ?  Ans.  133J  ft.  per  minute. 

(8)  How  is  a  keyway  terminating  in  the  work  cut  on  a 
shaper  ? 

(9)  How  can  a  rack  be  cut  on  a  shaper  ? 

(10)  What  limits  the  stroke  of  a  shaper  ? 

(11)  What  is  a  draw-cut  shaper,  and  what  is  its  purpose  ? 
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(12)  Why  is  an  open -side  planer  more  like  a  shaper  than 
a  planer  ? 

(13)  What  is  the  principal  difference  between  a  slotting 
machine  and  a  shaper  ? 

(14)  How  is  the  work  set  on  a  slotter  table  ? 

(15)  In    what   way   do   slotter  tools   differ   from    latlie 
planer,  or  shaper  tools  ? 

(16)  Name  some  examples  of  slotter  work. 


DRILLING  AND   BORING 


(PART  1.) 


(1)  What  are  the  essential  parts  of  a  drilling  machine  ? 

(2)  What   is  the  principal  function  of  the  drilling  ma- 
chine ? 

(3)  Name  other  operations  that  can  be  conveniently  per- 
formed on  a  drilling  machine. 

(4)  Define  the  terms  reaming^  counter  sinkings  counter- 
borings  spot  fcicings  ^^^PP^^^Kf  center  drilling, 

(5)  What  are  the  common  characteristics  of  all  drills  ? 

(6)  What  conditions  must  be  fulfilled  in  constructing  a 
flat  drill  in  order  that  it  may  cut  a  smooth,  round  hole  ? 

(7)  What  will  be  the  effect  of  the  point  of  a  flat  drill 
being  out  of  center  ? 

(8)  Why  should  the  point  of  aflat  drill  be  as  thin  as  pos- 
sible ? 

(9)  What  is  the  effect  of  a  grooved  drill  point  ? 

(10)  What  are  the  advantages  of  making  the  sides  of  flat 
drills  parallel  ? 

(11)  What  is  the  object  of  making  a  flat  drill  lipped / 

(12)  What  is  the  objection  to  lipped  drills  and  how  may 
the  same  be  overcome  ? 
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2  DRILLING   AND    BORING.  §  10 

(13)  How  is  a  twist  drill  constructed  ? 

(14)  What  are  slot  drills  used  for  ? 

(15)  What  kinds  of  tools  are  used  when  large  holes  are 
to  be  bored  in  a  piece  of  work  on  the  drilling  machine  ? 

(16)  What  is  the  object  of  the  spring  center  in  the 
double  annular  cutter  shown  in  Fig.  27  of  the  Instruction 
Paper  ? 

(17)  In  drilling  cast  iron,  should  the  drill  be  lubricated  ? 

(18)  Why  should  the  faces  of  reamers  not  be  undercut  ? 

(19)  How  is  a  brass  reamer  made  ? 

(20)  What  are  the  advantages  of  adjustable  reamers  ? 

(21)  How  may  different  sized  holes  be  countersunk  with 
the  same  pin  countersink  ? 

(22)  Describe  a  counterbore  suitable  for  light  work. 

(23)  What  is  the  objection  to  a  straight  socket  in  the 
drill  spindle  ? 

(24)  What  is  a  collet  f 

(25)  What  is  a  drill  chuck  ? 

(20)  What  is  the  principle  underlying  the  safety  drilling 
and  tapping  device  illustrated  by  Fig.  04  of  the  Instruction 
Paper  ? 

(27)  What  are  the  requirements  that  the  table  of  a  drill 
press  must  fulfil  ? 

(28)  How  are  cylindrical  pieces  secured  to  the  table  ? 

(29)  What  are  the  characteristic  features  of  the  univer- 
sal vise  ? 

(30)  Hcnv  should  the  holes  in  two  pieces  of  work  which 
are  to  match  be  drilled  if  possible  ? 


DRILLING   AND   BORING. 


(PART  2.) 


(1)  Name  features  in  a  modern  drilling  machine  that  are 
calculated  to  give  flexibility  to  it. 

(2)  Suppose  it  was  found  that  in  drilling  |-inch  holes 
in  a  certain  material,  the  best  speed  of  the  spindle  was 
150  revolutions  per  minute.  What  speed  should  the  spindle 
be  given  for  drilling  IJ-inch  holes  in  the  same  material  ? 

Ans.   60  rev.  per  min. 

(3)  What  are  the  features  of  flexibility  possessed  by  the 
drilling  machine  shown  in  Fig.  1  of  the  Instruction  Paper  ? 

(4)  What  is  the  purpose  of  the  wheel  feed  in  the  drill 
press  shown  in  Fig.  1  of  the  Instruction  Paper  ? 

(5)  What  advantage  does  the  rectilinear  adjustment  of 
the  table  possess  ? 

(6)  What  are  the  characteristic  features  of  a  radial  drill  ? 

(7)  What  is  the  purpose  of  an  outer  column  in  a  radial 
drill  ? 

(8)  What  is  the  characteristic  feature  of  a  universal 
radial  drill  ? 

(9)  What  precaution  should  be  taken  in  drilling  on  a 
multiple-spindle  drill  with  universal  adjustable  spindles  ? 

(10)  What  is  a  sensitive  drill  ? 
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2  DRILLING  AND  BORING.  §  U 

(11)  Name  various  kinds  of  portable  drills  and  give  briefly 
their  characteristics. 

(12)  What  are  the  two  general  types  of  boring  machines  t 

(13)  Give  a  general  but  brief  description  of  a  vertical 
boring  and  turning  mill. 

(14)  What  are  the  principal  points  to  be  observed  in  set- 
ting a  piece  of  work  on  the  table  of  a  vertical  boring  and 
turning  mill  ? 

(15)  What  is  understood  in  the  lahguage  of  the  machine 
shop  by  the  term  ** boring"  in  distinction  from  ** drilling"? 

(16)  Describe  briefly  the  construction  of  a  simple  boring 
bar.   . 

(17)  What  is  a  post  drills  and  what  kind  of  work  is  it 
suitable  for  ? 

(18)  Describe  the  general  arrangement  of  a  horizontal 
floor  mill, 

(19)  How  should  engine,  pump,  or  other  cylinders  always 

be  set  up  for  boring  ? 

(20)  What  is  to  be  said  about  the  finishing  cut  in  boring 
cylinders  ? 

(21)  Give  the  principle  employed  in  boring  spherical 
surfaces. 


DRILLING  AND   BORING. 


(PART  8.) 


(1)  How  is   a  hole  to  be   drilled  generally  laid  out  or 
marked  ? 

(2)  When  a  drill  starts  wrong,  what  is  the  remedy  ? 

(3)  What  are  the  advantages  of  power  feed  ? 

(4)  What  is  the  effect  of  a  lead  hole  ? 

(5)  How  may  deep  holes  be  drilled  ? 

(6)  What  care  must  be  taken  in  reaming  ? 

(7)  When  is  machine  reaming  in  order  ? 

(8)  What  is  the  best  form  of  tap  to  be  used  for  ordinary 
work  ? 

(9)  What  is  the  effect  of  too  small  a  hole  in  tapping  ? 

(10)  What  is  the  effect  of  too  large  a  hole  in  tapping  ? 

(11)  Should  a  lubricant  be  used  in  tapping  cast  iron  ? 

(12)  Describe  a  method  for  measuring  the  cutting  and 
clearance  angles  of  twist  drills. 

(13)  What  is  to  be  observed  with  regard  to  the  angle 
and  length  of  the  scraping  edge  of  drills  ? 

(14)  How  is  a  plain  drilling  jig  constructed  ? 

(15)  What  style  of  jig  may  be  employed  for  drilling  bolt 
holes  in  the  cover  and  flanges  for  pump  heads  and  similar 
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2  DRILLING  AND  BORING.  §  IS 

work,  when  the  holes  are  not  regularly  spaced  and  when  it 
is  desired  to  drill  the  cylinders  and  the  heads  separately  ? 

(16)  If  you  wish  to  remove  a  mass  of  metal  from  the  end 
of  a  rod  so  as  to  form  a  large  hole,  as  in  the  case  of  a  loco- 
motive connecting-rod,  what  style  of  tool  would  you  em- 
ploy ? 

(17)  When  cylindrical  work  is  to  have  a  series  of  holes 
drilled  about  its  periphery,  how  can  it  be  supported  in  a 
drill  press  both  when  the  periphery  is  a  true  circle  and 
when  it  has  been  bored  to  receive  a  shaft  piston  or  other 
circular  piece  ? 

(18)  How  is  the  core  of  metal  left  by  a  trepanning  drill 
cut  off  at  its  lower  end  ? 

(19)  How  may  a  boring  mill  be  arranged  for  turning 
spherical  isurfaces  ? 


MILLING-MACHINE  WORK. 

(PART  1.) 


(1)  In  what  respect  does  the  process  called  ** milling" 
differ  from  other  cutting  processes  used  for  removing  metal  ? 

(2)  What  is  generally  the  position  of  the  axis  of  rotation 
of  the  cutter  in  plain  milling  machines  ? 

(3)  What  is  the  distinguishing  feature  of  a  vertical  mill- 
ing machine  ? 

(4)  What  motions  of  the  work,  in  respect  to  the  cutting 
tool,  must  a  milling  machine  permit  in  order  to  be  called  a 
universal  milling  machine  ? 

(5)  For  what  are  multispindle  milling  machines  intended  ? 

(6)  What  are  the  essential  parts  of  any  milling  machine  ? 

(7)  For  what  is  a  raising  block  used  ? 

(8)  When  is  a  steady  rest  employed  ? 

(9)  How  is  a  right-handed  milling  cutter  distinguished 
from  a  left-handed  one  ? 

(10)  Why  is  a  slitting  saw  given  side  clearance  ? 

(11)  A  milling  cutter  is  2  inches  in  diameter  and  has 
24  teeth;  what  is  its  pitch  ?  Ans.     .262  in. 

(12)  What  are  the  objections  to  straight-tooth  face  cut- 
ters, and  how  are  they  overcome  ? 

(13)  For  what  class  of  work  are  cutters  with  nicked  teeth 
intended  ? 

(14)  What  is  a  straddle  mill  ? 
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(15)     What  is  a  gang  mill  ? 

(10)  What  precaution  is  to  be  observed  in  connection 
with  threaded  cutters  ? 

(17)  What  is  a  slotting  cutter  ? 

(18)  What  is  the  difference  between  a  single-angle  and  a 
double-angle  cutter  ? 

(19)  For  what  is  a  cotter  mill  used  ? 

(20)  What  is  the  characteristic  feature  of  formed  cutters  ? 

(21)  What  are  the  two  principal  points  to  be  considered 
in  the  care  of  milling  cutters  ? 

(22)  When  a  milling  cutter  is  used  on  an  arbor  in  a 
machine  that  has  no  outboard  bearing,  what  precautions 
should  be  observed  ? 

(23)  How  can  the  friction  between  the  cutter  placed  on 
an  arbor  and  its  washers  be  increased  in  case  of  slipping  ? 

(24)  What  precautions  should  be  taken  before  driving 
home  a  shank  arbor  ? 

(25)  If  you  found  that  a  collet  had  become  so  enlartjed 

by  constant  use  that  the  shank  of  the  arbor  bottomed,  what 
would  vou  do  ? 

(20)  How  are  iron  and  steel  castinj^s  pre[)ared  previous 
to  i)ein^  operated  upon  i)y  milling  cutters  ? 

(27)  A  face  mill  4  inches  in  diameter  makes  30  revolu- 
tions per  minute.  What  is  its  cutting  speed  in  feet  per 
minute  ?  Ans.      37.7  ft. 

(28)  For  a  certain  quality  of  soft  gray  cast  iron,  a  cut- 
ting speed  of  40  feet  per  minute  has  been  selected;  the 
cutter  to  be  used  is  3  inches  in  diameter.  How  manv 
revolutions  must  the  cutter  make  ?  Ans.      50  rev. 


MILLING-MACHINE  WORK. 

(PART  2.) 


(1)  What  is  the  chief  benefit  derived  from  lubricating 
milling  cutters  ? 

(2)  For  what  materials  can  the  lubrication  of  the  milling 
cutter  be  dispensed  with  ? 

(3)  What  lubricant  is  it  best  to  use  when  provision  is 
made  for  catching  and  separating  the  drippings  from  the 
chips  ? 

(4)  The  groove  in  the  piece  shown  in  Fig.  1  is  to  be 
milled.  What  kind  of  a  cutter  would  you  use  on  a  plain 
horizontal      milling      machine, 

when  the  base  of   the  work  is 
clamped  directly  to  the  table  ? 

(5)  What  kind  of  a  cutter 
would  you  use  in  a  vertical 
milling  machine  to  mill  the  top 
and  the  groove  of  the  piece 
shown  in  Fig.  1  ? 

(6)  Two  thousand  cast-iron  pieces  were  milled  over  a 
surface  5  inches  long  and  2  inches  wide.  The  first  thousand 
pieces  were  finished  with  an  end  mill  3  inches  in  diameter, 
and  the  second  thousand  were  milled  with  a  similar  mill 
2^  inches  in  diameter;  the  cutting  speed  and  feed  were  the 
same  in  both  cases.  The  same  man  finished  all  the  pieces 
and  saved  nearly  ten  hours  on  the  second  thousand.  How 
do  you  explain  this  ? 
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(7)  Why  should  clamps  for  milling-machine  work  be 
more  rigid  and  be  more  securely  applied  than  for  planing  ? 

(8)  How  may  the  setting  of  work  parallel  to  the  table  be 
tested  in  a  vertical  milling  machine  ? 

(0)  Why  is  the  method  of  clamping  a  cylindrical  piece  of 
work  for  grooving  that  is  shown  in  Fig.  9  (a)  of  the  Instruc- 
tion Paper  inferior  to  the  methods  shown  in  Fig.  1)  (d) 
and  (c)  ? 

(10)  How  does  a  swivel  vise  differ  from  a  plain  vise  ? 

(11)  What  is  the  distinctive  feature  of  a  universal  vise  ? 

(12)  How  do  you  set  the  jaws  of  a  graduated  swivel  vise 
parallel  to  the  line  of  motion  ? 

(13)  How  do  you  set  a  swivel  vise  so  that  its  jaws  are 
parallel  to  the  line  of  motion  when  it  has  no  base  gradua- 
tions ? 

(14)  How  may  a  graduated  swivel  vise  be  tested  for  the 
accuracy  of  its  zero  mark  ? 

(15)  How  do  you  set  the  jaws  of  an  ungraduated  swivrl 
vise  at  rip^lit  angles  to  the  line  of  motion  ? 

(1(5)  What  is  the  chief  difference  between  plain  and 
universal  index  centers  ? 

(17)  Wliat  is  a  spiral  index  head  ? 

(18)  Name  some  work  that  can  be  done  between  centtrrs. 

(ID)  IIow  may  taperinj^  work  be  set  to  the  retjuircd 
inclination  between  C(;nters,  if  the  index  head  and  tailsto(  k 
are  non-adjustable  and  the  milling  machine  is  a  vertical  one  ? 

('20)  What  is  the  effect  of  setting  tapering  work  to  liit* 
recjuired  inclination  by  blocking  uj)  the  tailstock  ? 

{*l\)  Given  an  index  lu-ad  that  can  be  swung  in  a 
vertical  plane  and  a  tailstock  that  can  be  adjusted  verti- 
cally in  the  same  ])lanc;  how  can  the  work  be  set  so  that 
even  divisions  mav  be  obtained  ? 

{"i'l)  When  the  angle  thai  the  cut  makes  with  the  axis  of 
tlie  work  is  given  and  a  universal  index  head  is  available, 
how  should  the  work  be  set  ? 


MILLING-MACHINE  WORK. 

(PART  3.) 


(1)  What  kind  of  chucks  are  used  for  holding  work  in  a 
milling  machine  ? 

(2)  What  are  the  advantages  and  disadvantages  of  self- 
centering  lathe  chucks  for  milling-machine  work  ? 

(3)  When  side  cuts  are  to  be  taken  on  a  piece  of  work 
that  is  held  in  a  chuck,  how  should  the  cutter  be  selected 
and  the  machine  be  arranged  in  reference  to  the  thread  of 
the  chuck  ? 

(4r)     How  may  the  teeth  of  end  mills  be  milled  ? 

(5)  What  are  the  requirements  of  a  properly  designed 
milling  jig  ? 

(6)  What  is  a  steady  rest  and  when  should  it  be  used  ? 

(7)  What  is  a  follow  rest,  what  is  its  purpose,  and  what 
are  the  objections  to  it  ? 

(8)  Define  the  terms  direct  and  indirect  indexing. 

(9)  The  indexing  mechanism  of  a  certain  milling  machine 
is  such  that  the  crank  must  make  40  revolutions  to  produce 
1  revolution  of  the  index  spindle.  How  many  turns  must 
the  crank  be  given  in  order  to  divide  the  periphery  of  a 
piece  of  work  into  9  parts  ?  Ans.     4J  turns. 

(10)  {a)  What  index  circle  would  you  use  to  measure 
J  of  a  turn  when  the  index  plate  available  has  the  following 
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number  of  holes  in  the  various  circles:  21,  23,  27,  29,  31,  33  ? 
{d)  How  many  holes  must  the  latch  pint)e  moved  ? 

j  (a)  Circle  of  27  holes. 

i  {b)  12  holes. 

(11)  The  index  spindle  of  a  certain  milling  machine  makes 
1  turn  to  40  turns  of  the  index  crank,  (a)  What  number  of 
turns  must  the  crank  make,  and  what  index  circle  should  be 
used  to  divide  the  circumference  of  a  piece  of  work  into 
85  divisions  ?  (b)  The  index  plate  available  has  circles  of 
holes  of  the  following  numbers:  15, 16, 17, 18,  19,  20.  What 
number  of  holes  must  the  latch  pin  be  moved,  and  in  what 
circle  ?  ^^^    ( {a)  ^. 

*  I  (^)  8  holes  in  the  17-hole  circle. 

(12)  A  helix  3  inches  in  diameter  has  a  lead  of  10  inches; 
what  is  the  angle  of  the  helix  ?  Ans.     43®  12',  nearly. 

(13)  A  helix  is  to  have  an  angle  of  38°  20'  for  a  diameter 
of  4  inches.     What  is  the  lead  of  the  helix  ? 

Ans.      15.893  in. 

(14)  What  is  the  lead  of  a  milling  machine,  and  how  is 
it  found  ? 

(15)  The  lead  of  a  certain  milling  machine  is  10  inches. 
If  a  helix  having  a  lead  of  8  inches  is  to  be  cut,  what  gears 
may  be  used  in  simple  gearing  ? 

Ans.     24  and  30,  or  32  and  40. 

(10)  A  helix  having  a  lead  of  12  inches  is  to  l)e  cut;  the 
gear  on  the  feed-screw  has  48  teeth,  the  first  gear  on  the 
stud  40,  and  the  second  gear  on  the  stud  32  teeth ;  what 
should  be  the  number  of  teeth  of  the  gear  on  the  worm-gear 
stud  ?      The  lead  of  the  machine  is  10  inches.  Ans.      Tl. 

(17)  The  gears  used  to  cut  a  certain  helix  in  a  machine 
having  a  lead  of  10  inches  are  as  follows:  Gear  on  worm- 
gear  stud,  50  teeth;  first  gear  on  stud,  04  teeth;  second 
gear  on  stud,  72  teeth;  gear  on  feed-screw,  40  teeth;  what 
is  the  lead  of  the  helix  cut?  Ans.       15.75  in. 

(IS)  What  kind  of  cutter  should  always  be  used  in  milling 
helical  angular  grooves  ? 


§  15  MILLING-MACHINE  WORK  3 

(19)  In  a  cylindrical  piece  of  work  2  inches  in  diameter, 
grooves  are  to  be  cut  ^  inch  deep,  measured  radially,  one 
side  of  the  grooves  being  radial.  The  angle  of  the  cutter  on 
the  side  cutting  the  radial  side  of  the  groove  is  30  degrees, 
how  much  must  the  cutter  be  set  off  center  ?      Ans.     ^  in. 

(20)  In  cutting  helical  grooves  with  double-angle  cutters, 
how  should  the  work  revolve  with  respect  to  the  cutter  ? 


MILLING-MACHINE  WORK. 

(PART  4.) 


(1)  Which  are  the  most  commonly  used  special  attach- 
ments for  milling  machines  ? 

(2)  If  for  some  reason  it  is  considered  desirable  to  feed 
a  piece  of  work  with  the  cutter  in  a  machine  arranged  for 
feeding  against  the  cutter,  what  precaution  would  be  taken 
by  an  experienced  operator  before  commencing  the  cut  ? 

(3)  Why  is  it  considered  better  to  feed  a  piece  of  work 
against  the  cutter  when  the  work  has  a  hard  surface  ? 

(4)  From  the  examples  given  in  the  Instruction  Paper, 
name  some  of  the  considerations  that  determine  the  direction 
of  feed  and  rotation  of  cutter. 

(5)  What  is  the  proper  way  of  setting  an  end  mill  for 
finishing  a  slot  in  one  operation  ? 

(6)  How  can  **  undercutting"  be  prevented  in  feeding  a 
face  mill  into  corners  ? 

(7)  What  precaution  is  to  be  observed  in  starting  the  cut  ? 

(8)  How  may  a  breaking  out  of  the  edge  where  the  cut 
runs  out  be  prevented  ? 

(9)  What  are  the  causes  producing  revolution  marks  ? 

(10)  How  may  revolution  marks  be  reduced  ? 

(11)  The  spindle  speeds  of  a  milling  machine  for  the 
various  steps  of  the  cone  pulley  are  as  follows:  Largest  step, 
126  revolutions  per  minute;  medium  step,  202  revolutions 
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per  minute;  small  step,  330  revolutions  per  minute.  On 
what  step  should  the  belt  be  placed  to  give  a  cutting  speed 
of  80  feet  per  minute  to  a  cutter  1^  inches  in  diameter  ? 

Ans.     Medium  step. 

(12)  At  a  certain  setting  of  a  milling  machine  its  spindle 
makes  11  revolutions  to  1  revolution  of  the  feed-screw, 
which  has  a  lead  of  ^  inch.  What  is  the  feed  per  minute 
when  the  spindle  makes  126  revolutions  per  minute  ? 

Ans.     2i  in.,  nearly. 

(13)  What  are  the  indications  of  an  excessive  speed  or 
feed  in  a  milling  machine  ? 

(14)  How  do  you  set  a  face  cutter  to  mill  a  piece  of  work 
to  a  given  height  above  the  table,  the  cut  being  parallel  to 
the  table  ? 

(15)  A  cylindrical  piece  of  work  is  exactly  3.12  inches  in 
diameter.  A  slot  is  to  be  milled  into  this  cylinder  parallel 
to  the  axis  so  that  the  bottom  of  it  shall  be  .91  inch  from 
the  axis.     To  what  depth  must  the  cutter  be  set  ? 

Ans.      .Go  in. 

(10)  How  may  a  cutter  be  set  central  in  respect  to  a 
piece  of  work  that  is  held  between  centers  ? 

(17)  How  may  straddle  mills  be  adjusted  for  width  ? 

(18)  How  should  gang  mills  be  assembled  on  an  arbor  ? 

(19)  What  type  of  milling  machine  would  be  selected  for 
the  tool  room  ? 

(20)  What  type  of  milling  machine  would  be  considered 
as  best  adapted  for  milling  long  bars  having  an  I  section, 
the  sides  and  bottom  of  the  groove  to  be  milled  simulta- 
neously ? 


GEAR-CUTTING. 

(PART  1.) 


(1)  What  is  a  gear,  and  for  what  are  gears  used  ? 

(2)  Define  the  term  pitch  as  applied  to  gearing. 

(3)  Name  two  kinds  of  pitch  in  common  use,  and  de 
scribe  each. 

(4)  Define  the  terms ///rA  circle  dinA  pitch  diameter, 

(5)  What  is  the  addendum,  thickness  of  tooth,  clearance, 
and  where  is  each  measured  ? 

(6)  If  the  circular  pitch  is  .5236  inch,  what  is  the  diam- 
etral pitch  ?  Ans.     G. 

(7)  If  a  gear  is  20  inches  in  diameter  and  the  diametral 
pitch  is  6,  how  many  teeth  has  it  ?  Ans.     120. 

(8)  How  can  the  number  of  teeth  in  a  gear  blank  be 
found  when  the  outside  diameter  and  the  diametral  pitch 
are  known  ? 

(9)  How  can  the  pitch  diameter  be  found  when  the 
number  of  teeth  and  circular  pitch  are  known  ? 

(10)  How  many  teeth  will  there  be  in  a  gear-wheel 
24  inches  in  diameter,  if  the  circular  pitch  is  1.5708  ? 

Ans.     48. 

(11)  Define  velocity  ratio  and  give  an  example  illus- 
trating it. 

(12)  Name  the  two  systems  of  gearing  in  common  use, 
and  show  how  they  differ. 
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(13)  What  is  an  odontograph,  and  for  what  is  it  used  ? 

(14)  What  is  a  rack  and  in  what  manner  do  its  teeth 
differ  from  those  of  a  gear  ? 

(15)  What  is  a  bevel  gear,  and  what  is  the  difference  be- 
tween bevel  and  miter  gears  ? 

(16)  In  laying  out  the  teeth  for  bevel  gears,  what  circle 
IS  used  as  a  pitch  circle  for  constructing  the  teeth  curves? 
Illustrate  by  sketch. 

(17)  Define  the  terms  worm  and  ivorvi-ivheel. 

(18)  What  is  the  usual  angle  of  the  sides  of  a  worm- 
thread  ? 

(19)  Under  what  circumstances  should  a  hobbed  worm- 
wheel  be  used  ? 

(20)  There  are  two  shafts  at  right  angles  to  each  other 
and  8  inches  from  center  to  center.  It  is  desired  to  connect 
them  by  means  of  a  worm-gear  and  worm,  the  worm  to 
have  a  single  thread  of  such  a  pitch  that  it  can  be  cut  on  an 
ordinary  lathe  and  the  velocity  ratio  between  the  shafts  to 
be  1  to  42.  Make  the  necessary  assumptions  and  determine 
the  pitch  diameter,  the  number  of  teeth  of  the  worm-wheel, 
and  the  pitch  and  outside  diameters  of  the  worm  that  will 
be  necessary  in  this  case. 

If  a  pitch  of  1  inch  is  assumed,  the  following  values  will 
be  found : 

i  Pitch  diameter  of  worm-jrear  =  13.309    in. 

Ans.     \  Pitch  dianieter  of  worm  =    2.032    in. 

(  Outside  diameter  of  worm       =    3.268G  in. 


GEAR-CUTTING. 

(PART  2.) 


(1)  Name  the  two  systems  of  forming  gear-teeth,  and 
state  the  advantages  of  each. 

(2)  What  process  of  cutting  gear-teeth  is  employed  when 
the  teeth  are  cut  on  a  milling  machine,  and  what  advantages 
and  disadvantages  has  this  system  ? 

(3)  For  what  class  of  gear-cutting  is  the  templet-planing 
process  mostly  used,  and  why  is  it  not  generally  applied  to 
the  cutting  of  spur  gears  ? 

(4)  Find  the  proper  depth  of  cut  for  a  3-pitch  Brown  & 
Sharpe  cutter.  Ans.      .719  in. 

(5)  What  sort  of  a  gauge  is  used  to  determine  the  depth 
of  gear  teeth  cut  according  to  the  Brown  &  Sharpe  system, 
and  how  is  the  gauge  used  ? 

(6)  What  two  classes  of  gang  cutters  are  there  for  milling 
gear-teeth,  and  what  are  the  advantages  of  each  class  ? 

(7)  Give  the  principal  features  of  an  automatic  gear- 
cutter. 

(8)  What  is  the  difference  between  the  milling  cutters 
used  for  cutting  spur  and  bevel  gears  ? 

(9)  Is  the  cutter  for  bevel  gears  selected  for  the  actual 
number  of  teeth  in  the  gear,  and  if  not,  how  is  it  selected  ? 

(10)  What  are  the  principal  defects  in  bevel  gear-teeth 
cut  by  the  ordinary  milling-machine  process  ? 
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(11)  How  may  racks  be  cut  in  the  milling  machine  ? 

(12)  Describe  the  planing  of  bevel  gear-teeth  by  the 
templet-planing  process,  and  state  in  what  particular  the 
teeth  cut  by  this  method  differ  from  those  cut  by  a  rotary 
cutter. 

(13)  How  may  hardened  gear-teeth  be  made  correct 
after  hardening  ? 

(14)  What  processes  can  be  employed  to  cut  internal 
gears,  and  what  processes  cannot  be  employed  for  this 
work  ? 

(15)  Describe  the  process  of  bobbing  worm-gears. 

(16)  Why  is  it  necessary  to  gash  a  worm-gear  blank  be- 
fore bobbing  the  teeth  ? 


A  KEY 

TO     THE 

EXAMPLES 

included  in'  the 

Question  Papers  in  this  Volume, 


It  will  be  noticed  that  the  Keys  have  been  given  the  same 
section  numbers  as  the  Question  Papers  to  which  they  refer. 
All  article  references  refer  to  the  Instruction  Paper  bearing 
the  same  section  number  as  the  Key  in  which  it  occurs, 
unless  another  *'  Part "  or  the  title  of  some  other  Instruction 
Paper  is  given  in  connection  with  the  article  numl>er. 
Answers  have  been  given  only  to  those  questions  which  re- 
quire an  arithmetical  calculation. 


»    if- 


ANSWERS  TO  QUESTIONS 

IN  THIS  VOLUME 

REQUIRING  NUMERICAL  CALCULATIONS. 


PLANER,  SHAPER,  AND  SLOTTER  WORK. 


PART    1. 

(lO)  Dividing  56,  64,  72  successively  by  12  gives  4J, 
5J,  6.  The  72-hole  row  is  thus  to  be  used  and  the  wheel 
shifted  6  holes  for  each  division,  according  to  rule  given  in 
Art.  40. 


PART  2. 

(7)  In  one  stroke  the  tool  moves  10  inches  forward  and 
10  inches  backward,  or  20  inches  in  all;  in  80  strokes,  then, 
that  is,  in  one  minute,  it  moves  20  X  80  =  1,600  inches  = 
l^^  feet.     Ans. 


DRILLING  AND  BORING. 


PART  2. 

(2)     The  diameter  of  the  first  hole  is  to  the  diameter  of 
the  second  hole  as  2  to  5,  and  since,  according  to  Art.  4, 

§§8,  9,  11 
5'.  yol.  II.— 36. 
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the  cutting  speeds  slmuld  be  inversely  proportional  to  the 
diameters,  we  have 

150  :  new  cutting  speed  =  S  :  S. 


Mn^UNG<4fACHINB  WORK. 


(11)    By  the  stateineat  made  in  Art  36,  the  jntcb  is 


ax  3.1418  _ 


.363  in.     Ans. 


34 

(27)  By  the  rule  given  in  Art.  102,  the  cutting  speed 
is  found  to  be 

.] 
13 

(28)  Referring  to  Table  V,  in  the  column  headed  3', 
we  find  39.27  feet  as  the  nearest  cutting  speed.  Following 
this  cutting  speed  over  to  the  left  until  the  first  vertical 
column  is  reached,  the  corresponding  number  of  revolutions 
is  found  to  be  50.     Ans. 


(9)  By  the  rule  given  in  Art.  37, 

40  -^  i)  =  4t  turns.     Ans. 

(10)  (")  Of  the  given  numbers,  only  27  is  divisible  by  0; 
thus  we  select  the  circle  having  that  number  of  holes. 
See  Art.  39. 

{d)  Then,  by  the  rjile  given  in  Art.  39, 
27  X  3  =  13  holes.     Ans. 

(11)  (rt)  By  the  rule  given  in  Art.  37, 

40  -1-  85  =  W-     Ans. 
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(6)     By  the  rule   given  in  Art.    39,  the  circle  having 
17  holes  is  selected.     Then,  the  number  of  holes  is 

17  X  TT  =  ^  holes.     Ans. 
(12)     By  the  rule  given  in  Art.  54, 

3  X  3. 1416 


10 


=  .  94248. 


From   a   table   of   natural    tangents,    the   corresponding 
angle  is  found  to  be  43°  12',  nearly.     Ans. 

(13)     Apply  the  rule  given  in  Art.  55.    The  tangent  of 
the  given  angle  is  .70070;  therefore, 

lead  =  ^' ^^l^r^^  ^  =  15.893  in.     Ans. 

(15)  By  Art.  66, 

lead  of  the  spiral     __   ^  __  2<  _  32       a 
lead  of  the  machine  -  1 «  "  ^ «  -  ^8-     Ans. 

(16)  By  the  rule  given  in  Art.  74, 

12X48X40      ^^       . 
-^2^10- -  =  ^^-     ^"^- 

(17)  Applying  the  rule  given  in  Art.  75,  we  get 

10  X  50  X  72       ,  ^  ^^  .  . 

— T-r — —  =  15.75  in.     Ans. 

40  X  64 

(19)     Applying  the  rule  given  in  Art.  85,  the  sine  of 
12°is.5  =  i. 

Then,  (I  -  4)  X  i  =  A  i"-     Ans. 


PART   4. 

(11)     The  circumference  of  the  cutter  is  H  X  3.1416  = 
3.927,  say  4  inches.     Applying  the  rule  given  in  Art.  42, 

we  get 

12  X  80      .  .  _ 
: =  240  rev. 
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The  medium  step  gives  the  nearest  Bitmber  <rf  revolu* 
ttons.     Ans. 

(12)    Applying  the  rule  given  in  Art.  43»  we  get 
i2i2??  =  2. 863,  or  »J  in. ,  nearly.     Ans. 

(IS)  -^s .91  =  .66  in.     Ans. 


GBARi^UTTiNG. 


PART  1. 

(6)  Applying  the  rule  given  in  Art.  16»  the  diametral 
pitch  is  found  to  be -^TT^^  s=  6.     Ans, 

(7)  Applying  the  rule  given  in  Art.  I89  the  number  of 

teeth  is  found  to  be  20  X  6  =  120.     Ans. 

(lO)  Applying  the  rule  given  in  Art.  29,  the  number 
of  teeth  is  found  to  be 

24X3.U16       ,^       . 
1.5708       =^^'     ^"^- 

(20)  Assume  a  pitch  of  1  inch  on  the  worm ;  then, 
according  to  the  rule  in  Art.  77,  the  pitch  diameter  of  the 
tworm-gear  will  be 

42  X  1 


3.1416 


=  13.369. 


The  pitch  diameter  of  the  worm  is  found  by  taking  half 
of  the  pitch  diameter  of  the  worm-gear  from  the  center-to- 
center  distance  and  doubling  the  remainder,  as  stated  in 
Art.  81  ;  hence, 

8-i5:|^=1.316, 
and  doubling  this,  we  have  1.316  X  2  =  2.632  in. 


§  17  GEAR-CUTTING.  6 

The  outside  diameter  of  the  worm  is  found  from  the  rule 
in  Art.  82  to  be 

1  X  .6366  +  2.632  =  3.2686  in. 

Note. — If  a  slightly  different  pitch  had  been  assumed,  different 
results  would  have  been  obtained  that  would  have  been  eaually  cor- 
rect, the  only  question  being  as  to  whether  or  not  a  latne  can  be 
obtained  to  cut  the  desired  pitch. 


PART  2. 

(4)     Applying  the  rule  in  Art.  19, 
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